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GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
( 404 ) 894-2901 
July 19, 1978 
MEMORANDUM 
TO: 	EPRI File 
FROM: 	Roger Webb 
SUBJECT: First Monthly Status Report, RP797-2 
•The project was iniated June 19, 1978. Initial efforts have been to: 
(a) Begin modularization of the existing program in preparation 
for program additions and expansion. 
(b) Review and evaluate EPRI work statement. 
(c:) Begin technical developments necessary to model the 3000 
ft. cable length and to accomodate the attendent computa-
tional burden. 
2. A project initiation meeting was held at Georgia Tech July 11, 1978. 
Attanding were Mr. Tom Kendrew of EPRI and Ed Joy, Sakis Meliopoulos 
and Roger Webb of Georgia Tech. The following points were discussed: 
(a) Georgia Tech will submit a revised budget to reflect 
changes in salary and benefit schedules which have oc-
curred since the proposal was submitted. No change 
will be requested in the fiscal 1978 allocation. 
(b) The number of segments used in the cable model will be 
chosen to optimize program efficiency while maintaining 
computational accuracy. 
(c) Ground rod separations of 200, 400, and 1000 feet will 
be simulated. 
(d) The layer depth in the two layer soil model will be 
treated as a variable. 
(e) The program will be designed to accomodate variable 
source impedance. Specific cases will be selected for 
the study to represent nominal standard operational 
conditions. 
AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION 
4103...„ GEORGIA INSTITUTE OF TECHNOLOGY 
ATLANTA, GEORGIA 30332 
TELEPHONE: (404) 894-2901 
July 19, 1978 
Mr. Thomas J. Kendrew 
Electric Power Research Institute 
3412 Hillview Avenue 
P.O. Box 10412 
Palo Alto, CA 94303 
Dear Mr. Kendrew 
Enclosed please find the first Monthly Status Report for 
RP797-2. 
Thank you for coming by last week. 
Sincerely yours, 
;1,1 	 SCHOOL OF ELECTRICAL ENGINEERING 
Cl 





(f) Fault location with respect to ground rod location will 
be varied in the study. 
3. The crucial element in the project is presentation of sensitivity data. 
Consequently, effort will be concentrated as soon as practical on 
making sensitivity studies to: 
(a) Define the various combinations of parameters which 
must be varied. 
(b) Identify suitable formats for presenting the data in 
the handbook. 
RPW:kkm 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
LEPHONE: (404) 894-2901 
 
August 21, 1978 
MEMORANDUM 
TO: 	EPRI File 
FROM: 	Roger P. Webb 
SUBJECT: Second Monthly Status Report, RP797-2 
1. Modularization of the existing program has continued.- Also, 
new input/output routines are being developed to accommodate 
a minimal configuration of 3000 feet of cable with 15 ground 
rods. 
2. New developments underway to accommodate the increased pro-
gram requirements are: 
a. The procedure for calculating resistance 
between pairs of cylindrical conductors 
has been upgraded. The new procedure 
computes the resistance as the ratio of 
the average voltage along a given segment 
induced by the current in the second 
segment to the current in the second 
segment. Previously, only the value at 
the center of the segment was employed. 
Using the average voltage significantly 
improves the accuracy of the calculation. 
b. The effect of return currents through 
neutral and earth on cable impedance 
(inductive effects) is being modeled. 
Induced voltage can be represented as 
V = (In in a + c - In ) 2n
D  
c = neutral radius 
D = effect geometric mean distance of earth 










d = conductor GMR 
Use of the effective distance D is an approxi-
mation required for computational purposes. 
Emperical values will be employed for D. 
c. A nodal analysis method is being developed to 
represent the circuit compromising the cable 
segments and the connection to the external 
circuit. This technique will enable more de-
tailed segment models and will not be limited 
to radial systems. 
3. A paper is being prepared for possible submission to EPRI con- 
cerning application of the program to computation of surface 
potentials in substation grounding grids. A copy of the pro-
posed paper will be sent to EPRI for review. 
RPW:k .km 
CC: E. B. Joy t.// 
A. P. Meliopoulos 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
-EPHONE: ( 404 ) 694-2901 
 
1' 
September 26, 1978 
Mr. Thomas J. Kendrew 
Electric Power Research Institute 
3412 Hillview Avenue 
P.O. Box 10412 
Palo Alto, CA 94303 
Dear Mr. Kendrew: 
Enclosed please find the third Monthly Status 
Report for RP797 - 2. 
Sincerely, 









GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA. GEORGIA 30332 
TELEPHONE: ( 4041 894.2901 
September 26, 1978 
MEMORANDUM 	
4' 
TO: 	EPRI File 
FROM: 	Roger P. Webb 
SUBJECT: Third Monthly Status Report, RP797-2 
1. The procedure for calculating the mutual resistance between 
parallel conductor segments, including the important case 
of colinear orientation, has been upgraded, tested and pro= 
grammed. The procedure for calculating the mutual resis-
tance between orthogonally oriented conductors was revised, 
but was found not to be reciprocal as it should be. 
Alternative procedures are currently being developed and 
tested. 
2. Effort has proceeded on circuit modeling. The model to be 
employed will represent the substation and its grounding 
system, a cable section comprising n segments and m ground 
rods of two segments each. The fault segment will be lo-
cated x units from one end of the cable and the fault 
modeled as a cylindrical plasma. An equivalent circuit 
for each cable segment will interface with the electro-
magnetic computation. A modified nodal analysis has been 
developed to represent the composite system. This involves 
generating an admittance matrix for the network. Using 
this formulation, currents in the system and in earth can 
be calculated and used to compute surface potentials. 
Current efforts are aimed at exploiting sparse properties 
of the admittance matrix formulation to reduce computational 
effort and at implementing and testing the computations. 
RPW: kkm 
cc: E. B. Joy 
A. P. Meliopoulos 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA. GEORGIA 30332 
.t.H01s1.5.: (404) 894.2901 
 
October 23,'1978 
Mr. Thomas J. Kendrew 
Electric Power Research Institute 
3412 Hillview Avenue 
P.O. Box 10412 
Palo Alto, CA 94303 
Dear Mr. Kendrew: 
Enclosed please find the fourth Monthly Status 
Report for RP797-2. 
Sincerely, 





cc: E. B. Joy 
A. P. Meliopoulos 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
TELEPHONE: (404) 894-2901 
 
October 23, 1978 
MEMORANDUM 
TO: 	EPRI File 
FROM: 	Roger P. Webb 
SUBJECT: Fourth Monthly Status Report, RP797-2 
1. An improved procedure for computing mutual resistance 
has been developed and is undergoing testing. The up-
graded analysis determines and uses the average voltage 
along the center line of the conductor instead of the 
voltage at the center point employed previously. For 
conductors which are widely separated these two volt-
ages are approximately equal, but for closelyspaced, 
short conductors the two voltages may be as much as 
25% different. The new formulation using the average 
conductor voltage is now being tested against known 
cases presented in books by Tagg and Sunde. 
2. Circuit model development has proceeded. The model, 
together with a nodal analysis for computation of 
current flow, has been programmed and is being de-
bugged and tested. 
3. Work has begun on identifying and implementing appro-
priate output formats for computed data. 
4. Due to equipment problems, the NOVA 830 computer has 
been unavailable for the past month. 'Development has 
proceeded using the Georgia Tech Cyber system. The 
NOVA machine should be available soon and enable more 
expeditious program development. 
RPW:kkm 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA. GEORGIA 30332 
LEPHONE: (404) 894-2901 
 
November 22, 1978 
Mr. Thomas J. Kendrew 
Electric Power Research Institute 
3412 Hillview Avenue 
P.O. Box 10412 
Palo Alto, CA 94303 
Dear Mr. Kendrew: 
Enclosed please find the fifth Monthly Status 
Report for RP797-2. In addition, enclosed for your 
information is a proposal I am sending to Flordia 
Power & Light Company. 
Sincerely yours, 
U 
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DEC 5 197 3 
OFFICE OF CONTP,ACT 
ADMIMSTRATION 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
TELEPHONE: (404) 894-2901 
November 22, 1978 
MEMORANDUM 
TO: 	EPRI File 
FROM: 	Roger P. Webb 
SUBJECT: Fifth Monthly Status Report, RP797-2 
1. The mutual resistance procedure has been tested and 
is yielding correct answers. 
2. Development of the circuit model has been completed. 
3. Validation of the composite program has been initiated. 
4. The NOVA 830 system is again operable and developments 
are proceeding on that machine. 
5. Plans are to begin production runs as soon as the pro-
gram is validated. It will be necessary to define 
data formats by early February. 
RPW:kkm 
cc: E. B. Joy 
A. P. Meliopoulos 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
:1...E12110N E: ( 404 ) 894.2901 
January 7, 1979 
Mr. Thomas J. Kendrew 
Electric Power Research Institute 
3412 Hillview Avenue 
P.O. Box 10412 
Palo Alto, CA 94303 
Dear Mr. Kendrew: 
Enclosed please find the sixth Monthly Status Report for 
RP797 -2. I apologize for its being late. Also attached is a 
paper describing our network model which was prepared for the 
upcoming IEEE Southeastcon Conference. 
Sincerely yours, 





GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
TELEPHONE: (404) 894.2901 
 
January 7, 1979 
MEMORANDUM 
TO: 	EPRI File 
FROM: 	Roger P. Webb 
SUBJECT: Sixth Monthly Status Report, RP797 -2 
1. The mutual capacitance equations have been derived between any 
two cylindrical conductors. The cylindrical conductors must be 
either x, y, or z directed and can be in either of the two con-
ducting earth layers. The permittivities (dielectric constants) 
of the two layers may be different. 
2. Validation of the program has continued. For long circuits, it 
has been found necessary to use the CDC computer to achieve suf-
ficient accuracy in the solution. Accordingly, a program is 
being implemented on the CDC. Simulation of long cables will then 
be a two step process with the solution for current distributions 
done on the CDC and the network model on the NOVA. 
RPW:klan 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
EPHONE: (404) 894-2901 
February 2, 1979 
Mr. Thomas J. Kendrew 
Electric Power Research Institute 
3412 Hillview Avenue 
P.O. Box 10412 
Palo Alto, CA 94303 
Dear Mr. Kendrew: 
Enclosed please find the seventh Monthly Status Report for RP797-2. 
Sincerely, 





cc: E. B. Joy 
A. P. Meliopoulos 
AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
TELEPHONE: (404) 894.2901 
 
February 2, 1979 
MEMORANDUM 
TO: 	EPRI File 
FROM: 	Roger P. Webb 
SUBJECT: Seventh Monthly Status Report, RP797-2 
1. Model Development  
The mutual impedance equations have been derived, programmed, and 
tested. The capacitive part of the mutual and self impedances of the 
segments was found to be five to six orders of magnitude less important 
than the resistive part. 
2. Productive Runs  
Production runs employing the complete model are in progresS. The 
earlier problem regarding computational accuracy for systems of large 
extent have been resolved. The resolution consists of separating the 
computation into two parts: computation for segment impedances and the 
network computation to define potentials. The first part is solved using 
the CDC computer, with the remaining calculation performed on the Nova 
minicomputer. For production runs, the logistics of this procedure do not 
represent a significant problem. 
3. Report Format  
Some proposals for the format will be made at the forthcoming meeting 
at EPRI. 
RPW:kkm 
AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
.EPHONE; (404) 894.2901 
 
March 14, 1979 
Mr. Thomas J. Kendrew 
Electric Power Research Institute 
3412 Hillview Avenue 
P.O. Box 10412 
Palo Alto, CA 94303 
Dear Mr. Kendrew: 
Enclosed please find the eighth Monthly Status Report for RP797-2. 
Sincerely, 





cc: E. B. Joy 
A. P. Meliopoulos 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
LEPHONE: (404) 894.2901 
 
March 14, 1979 
MEMORANDUM 
TO: 	EPRI File 
FROM: 	Roger P. Webb 
SUBJECT: Eighth Monthly Status Report, RP797-2 
1. At the meeting at EPRI on Feb. 26 the following proposed outline for the 
handbook was generally agreed upon. 
Proposed Handbook Outline  
It is proposed that the handbook include a rather extensive introductory 
section which defines parameter sensitivities, provides a rationale for the 
data formats and defines handbook utilization factors. The proposed outline 
is: 
I. 	Introduction 
A. Purpose of handbook 
B. Model definition and general program description 
C. Problem parameters 
a. Determinants of at-fault potential 
b. Determinants of earth currents 
c. Determinants of earth surface potentials 
d. Parametric effects 
i. Circuit parameters 
ii. Cable parameters 
iii. Earth parameters 
iv. Grounding configurations 
v. Fault location 
II. Handbook Utilization Factors 
A. Required user supplied parameters 
B. Preliminary calculation for handbook entry 
C. Data interpretation 
D. Example 
Appendix I. Insulated Cable Data 
Appendix II. Bare Concentric Neutral and Semiconducting Jacketed Cable 
Data 
EPRI File 
March 14, 1979 
Page 2_ 
Proposed Data Format  
	
1. 	Entry Procedure 
a. Cable type 
b. Cable size 
c. Nominal burial depth 
d. Nominal earth resistivity (range) 
e. Fault location 
2. 	Data Format 
For the condition defined in (1), a family of curves, para-
metric in soil parameters, defining surface potentials normalized 
to at-fault voltage will be presented. On each curve is tabular 
data defining earth return impedance ZG from point of fault (See 
attached example.) 
3. 	Data Utilization 
a. Calculate at-fault voltage. The procedure will be specified 
and will require the following data: 
i. System voltage 
ii. Overhead feeder positive and zero sequence impedance 
iii. Cable conductor and sheath resistance 
b. 	Read normalized step and touch potentials 
c. Multiply by at-fault voltage. 
2. Computer runs for several conditions have been made and analyzed. Two 
conclusions based on this analysis which impact slightly the proposed • 
data format have been drawn. 
i. For any point x0 along the buried cable, the maximum (3 foot) step 
potentials in either the x or y directions do not occur with respect 
to the point (x0,y=0) but with respect to a point off the cable 
center line (x0,y=y1). (The distance yi depends on soil parameters 
and is in the order of three feet or less.) This can be explained 
by the fact that surface equipotentials are symmetric about the 
cable center line and the potential gradient is larger off the 
center line. 
ii. Irrespective of the absolute magnitudes of the soil layer conducti-
vities al and 0 2 , the step and touch potentials normalized to at-
fault voltage depend only on the ratio a1la2. The earth return 
impedances which determine the at-fault voltage however depends on 
the magnitude of a l and a2 . 
Regarding the first point, it is proposed that for each distance x 0 in 
the regions where data is to be plotted (either end and at-fault), the 
maximum step potential will be computed and plotted. Thus for each x o , 
two potentials will be plotted - the touch potential at a point directly 
above the cable (x 0'  y=0), and the maximum step potential. 
The impact of the second point is that the computation of at-fault vol- 
tage and use of the curves to determine resultant step and touch poten- 
EPRI File 
March 14, 1979 
Page 3, 
tials can be functionally separated. That is, for all ranges of o f 
 and a2, the same set of normalized potential curves parametric in the 
ratio a1/a2 can be used. For each of three ranges of conductivity 
magnitudes (high, medium, and low), tabular data will be provided to 
enable determination of at-fault voltage. 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
HONE: (404 ) 894.2901 
 
April 13, 1979 
Mr. Thomas J. Kendrew 
Electric Power Research Institute 
3412 Hillview Avenue 
P.O. Box 10412 
Palo Alto, CA 94303 
Dear Mr. Kendrew: 
Enclosed please find the ninth Monthly Status Report for RP797-2. 
Sincerely, 
4 





cc: M. S. Florence 
E. B. Joy 
N. McHan 
A. P. Meliopoulos 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
PHONE: (404 ) 894.2901 
 
April 13, 1979 
MEMORANDUM  
TO: 	EPRI File 
FROM: 	R. P. Webb 
SUBJECT: Ninth Monthly Status Report, RP797-2 
1. Software for data plotting is being developed. Specific cases are 
being run in order to arrive at final data format specifications. 
2. Work has begun on writing the appendix for the final report which will 
include derivation and definition of the mutual resistance and capa-
citance equation. 
3. Work has been initiated on writing the introductory section of the 
report. 
hics 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
PHONE: (404) 894-2901 
 
May 23, 1979 
Mr. Thomas J. Kendrew 
Electric Power Research Institute 
3412 Hillview Avenue 
P. 0. Box 10412 
Palo Alto, California 94303 
Dear Mr. Kendrew: 
Enclosed please find the tenth Monthly Status Report for RP797-2. 
Sincerely, 
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E. B. Joy 
N. McHan4---- 
A. P. Meliopoulos 
Mr. Pe-C-Ke_r 
" 19 ij 
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AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 
-EPHONE: ( 404 ) 894-2901 
 
May 23, 1979 
MEMORANDUM  
To: 	EPRI File 
From: 	R. P. Webb 
Subject: Tenth Monthly Status Report, RP797-2 
1. Program development has been completed. Data plotting is being 
done on a Calcomp and in a format such that Calcomp plots can be 
used in the final report. 
2. All the cases to be studied have been defined. They span over 
the parameter ranges specified in the proposal. Preparation of 
input data for these cases is under way. 
3. Production runs are being made. 
4. Final report writing is underway. 
5. Attached is a sample computer plot. 
CS 
attachment 
AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS r 18 
EQUIVALENT EARTH MODEL: 
ZCC = 2.7061 OHMS. 
ZGC = 29.4259 OHMS. 
SIGMA 1 = 0.0011 
SIGMA 2 = 0.0011 
D: TOUCH POTENTIAL. 
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FIGURE 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
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ABSTRACT 
A method for computing shield potentials of underground residential distribution 
(URD) cable shield potentials is presented. Earth potentials in the vicinity of 
the buried cable are also computed. The method utilizes a numerical solution of 
Laplace's equation to account for earth currents, and a modified nodal analysis 
method to account for conductor and shield currents as well as inductive coupling 
in the underground cable system. A computer program has been developed capable of 
analyzing long lengths of URD cable together with existing ground rods, faults, 
open neutrals, feeding substation, and substation grounds. The system analyzed 
corresponds to practical URD cable distribution systems. Extensive simulation of 
various URD cable systems in various soil environments has been performed and the 
results tabulated. The simulation program employed and the applicable theory is 
documented in Volume 1 of this report. In Volume 2 of the report, the simulation 
results are documented in handbook form. From these graphs and tables, "touch and 
step" potentials on the earth surface can be determined for various cable types, 




This final report is a follow-on to RP797-1, which described a general computer 
program to calculate "touch and step" potentials of faulted underground residen-
tial distribution (URD) cables. The computer program, entitled BCAB, permits the 
simulation of URD cable faults for a wide variety of cables, soils, and excitation 
parameters. Although the BCAB program is a very valuable analytic tool, it re-
quires approximately 30 complex input parameters for each case studied. RP797-2 
extends the usefulness of the BCAB program by expanding the program and by com-
puter simulation. It also resulted in a handbook of curves and graphs from which 
"touch and step" potentials may be determined for a wide variety of faulted URD 
cable conditions. 
PROJECT OBJECTIVE 
The purpose of this project was to modify the BCAB program and use the computer to 
develop appropriate curves and charts that define the fault behavior of URD cables 
for a wide class of cables, impedances, and soil conductivity values. 
PROJECT RESULTS 
The results of this project are presented in two volumes. Volume 1 describes in 
detail the expanded simulation program used to generate the handbook data. The 
expanded program can be employed for special problems not covered by the handbook. 
Volume 2 is an engineer's handbook from which "touch and step" potentials may be 
determined, using curves and graphs, for a wide variety of URD cable fault condi-
tions. 
T. J. Kendrew, Project Manager 
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INTRODUCTION AND SUMMARY 
1.1 BACKGROUND 
This is the final report of the Electric Power Laboratory of the School of 
Electrical Engineering at Georgia Tech on EPRI Project RP797-2, "Graphical and 
Tabular Results of Computer Simulation of Faulted URD Cables." The objective of 
the project was to develop a set of data, based on computer simulation, which 
defines surface potentials resulting from underground faults for a wide class of 
cables and applications. 
Extruded solid dielectric cables with bare concentric neutral wires have received 
wide industry acceptance for underground residential distribution primary con-
struction. The performance of this type of cable has been outstanding since the 
early 1960's. However, incidences of corrosion of the bare copper concentric 
neutral wires have caused the utilities to consider methods of mitigating the 
corrosion process. One viable method to control the corrosion is to apply an 
appropriate semiconducting or insulating jacket over the neutral wires. However, 
the effect of the jackets was not known. 
EPRI Project RP671-1 developed data on "touch and step" potentials when the 
jacketed neutral cables are subjected to short-circuit conditions at normal oper-
ating voltage. It should be noted that this data is applicable only to the one set 
of system and environmental conditions that prevailed at the Franksville, Wiscon-
sin, test site. To broaden the usefulness of this data, Project RP797-1 was 
initiated. As a result, "touch and step" potentials can now be investigated at 
any location. The objective was to develop a general computer program to cal-
culate "touch and step" potentials, using the Franksville test data as a basis for 
verifying the program. An additional objective was to compute earth surface 
potentials resulting from operation with an open neutral. 
The resultant computer program, entitled BCAB, permits the simulation of URD cable 
faults for a wide variety of cables, soils and excitation parameters. The program 
has been validated against actual field measurements and, with the proper selec-
tion of input data, can be used for simulations of rather general distribution 
systems. However, the use of the developed program requires approximately thirty 
1-1 
(30) input parameters for each case studied. Therefore, a more powerful and 
easier to use tool would be a set of graphs and tables for URD cables, from which 
step and touch potentials for the wide variety of conditions actually found in 
practice could be determined. 
The objective of this project then has been to extend the usefulness of the BCAB 
program by using the computer to develop appropriate data to define the fault 
behavior of URD cables for a wide class of cables, impedances and soil conduc-
tivity values. This has been accomplished by extending the previously developed 
BCAB program to simulate more general utility system distribution configurations 
and to use the extended program to develop data for general use. The data is 
presented as Volume II of this report in the form of a handbook which provides the 
practicing engineer with a quick and easy way of estimating the expected level of 
earth potentials at the vicinity of buried electrical systems. At the same time, 
it provides information as to the dependence of earth potentials on various system 
parameters, such as soil resistivities, system impedances, grounding system, etc. 
Considerable effort has been devoted in order to simplify the handbook usage as 
much as possible. Plots of touch and step potentials are provided for a wide 
range of parameter values. It is expected that most systems encountered in 
practice fall generally within the range of the data provided. 
The expanded simulation program used in generating the handbook data together with 
an outline of the approach and applicable theory is documented in Volume I of this 
report. For special problems, not covered by the handbook data, this expanded 
simulation program can be employed. 
1.2 SUMMARY 
The end product of this effort is the data compiled in Volume II. These data are 
in the form of graphs from which, for a given cable type, soil parameters and 
connected network, the touch and step potentials on the earth surface in the cable 
vicinity can be determined. Specifically, the touch potentials and maximum step 
potentials in three regions along the cable are defined. 
The salient features in the computation and tabulation of these results can be 
summarized as follows: 
a) A two-layer earth model is employed. 
b) Ground rods are represented. 
c) The cable configurations are explicitly modeled. 
d) Source substation sequence impedances are represented. 
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e) Source substation grounding system is explicitly modeled. 
f) Induction phenomena between overhead feeder lines as well as between 
cable conductor and shield are taken into consideration. 
Due to the amount of data presented the report is organized into two volumes. Volume I 
provides the background theory, an outline of the approach used and documentation of the 
computer program. Volume II is the handbook. It contains a detailed users guide and the 
data. 
Section 1.2 
PROBLEM DEFINITION AND SOLUTION TECHNIQUES 
The purpose of this section of the report is to define in general terms the 
problem of calculating step and touch potentials, the approach taken and the 
nature of the results generated. A discussion of the parameters of the problem 
and their impact on potential is given. Specific details of the solution pro-
cedure and attendant computer program are given in the Appendices. 
2.1 PROBLEM DESCRIPTION 
The general problem addressed in this report is the estimation by computer simulat 
ion of touch and step potentials in the vicinity of a faulted underground cable 
system. These potentials depend on a variety of factors such as: 
- fault type and location 
- earth conductivities 
- cable burial depth 
- cable parameters 
- characteristics of the source network 
- cable and grounding system configuration. 
In view of the many parameters involved, the most difficult task in generating 
applicable data is that of reducing the problem to its essential elements so that 
a manageable amount of data will suffice. The general approach that has been 
taken to this has been to carefully analyze the sensitivities of the step and 
touch potentials to the various parameters and then segment the problem into two 
elements. Computer simulated results comprise one element, with the other element 
derived from known parameters of the system in question. Specifically, a set of 
computer data is generated which depends basically on cable type and soil 
composition. The results are displayed on curves in terms of step and touch 
potentials normalized to at-fault voltage. For each curve is a set of impedance 
data reflecting the earth conductive path. These impedance data together with 
impedances derived from the specific circuit in question enable computation of the 
un-normalized, at-fault voltage and the step and touch potentials. The rationale 
for this approach is discussed in the following subsection. 
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2.2 SYSTEM MODEL DESCRIPTION 
Figure 2.1 shows the general network configuration employed in this study. A 
length of underground cable is supplied from an overhead transmission line from a 
substation. Ground rods are connected to the cable neutral at specified in-
tervals. A simple substation ground grid is assumed and a two layer earth model 
is employed. Only the specific cable in question is represented directly in the 
model. Cables or other buried conductors in the vicinity of the specified cable 
are not included. The imposition of fixed network configuration and absence of 
adjacent buried conductors are necessary simplifications to reduce the amount of 
data to a manageable amount. Subsequent discussion will illustrate how results 
achieved with the model of Figure 2.1 can be extended. 
The physical circuit description of Figure 2.1 can be represented by the equiva-
lent electrical circuit shown in Figure 2.2. In this figure, the circuit is 
segmented into the earth return circuit and the electrical supply/cable circuit. 
If a fault between cable and sheath is assumed to exist at some point on the cable, 
a portion of the fault current will return to the source through the sheath and a 
portion will flow in the earth circuit. The current division will depend on cable 
type, system grounding and soil conductivities. 
Viewed from point of fault, the circuit of Figure 2.2 can be reduced to the 
simpler lumped parameter equivalent circuit of Figure 2.3. The impedances shown 
are equivalent impedances from point of fault to remote ground, from substation 
neutral to remote ground and the transfer impedance from point of fault to the 
substation ground. This simplified circuit, with properly designated parameters, 
can be used to compute the at-fault voltage on the cable. That is, given the 
source voltage, the feeder circuit impedances and the equivalent earth impe-
dances, the voltage at point of fault can be determined. The equivalent earth 
impedances depend on cable type, grounding, and soil resistivities and are deter-
mined by computer simulation. 
2.3 OUTLINE OF COMPUTATIONAL PROCEDURE 
The computer program which has been implemented to support this study basically 
solves the equations required to model the circuit of Figure 2.1. The model of 
the circuit comprises two essential elements; the earth conductive circuit and the 
connected network elements. The computer solution is correspondingly conducted 
in two parts. Appendices I.A and I.B describe in detail the equations used and 












FIGURE 2.1 URD CABLE SYSTEM 
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FIGURE 2.2 EQUIVALENT CIRCUIT REPRESENTATION OF SUBSTATION, 
OVERHEAD LINE, SUBSTATION GROUND, AND EARTH. 
EARTH SURFACE 







FIGURE 2.3 SIMPLIFIED EQUIVALENT CIRCUIT FOR EARTH RETURN 
The first element of the solution procedure has to do with the earth conductive 
path. The result of this calculation is the determination of the equivalent 
resistances associated with this part. The method is based upon solution of 
Laplace's equation 
where V(x,y,z) is a scalar potential function. This equation defines the poten-
tial and associated current flow in conducting media subject to boundary condi-
tions resulting from media discontinuities or embedded conductors. 
The solution to Laplace's equation consists of considering a set of small con-
ducting segments embedded in two layer earth media. Using a numerical solution 
technique, a relation between the voltage on each segment and at each point in the 
medium resulting from current leaving all segments is derived. Using this result, 
an impedance matrix is computed which defines the equivalent impedance elements 
associated with Figure 2.2. This set of impedances is the main result obtained 
from the Laplace solution. These impedances are then employed in a composite 
model to obtain the complete solution. 
The composite model defining the current and voltage relationships associated 
with Figure 2.2 for specific cases is obtained by employing a modified nodal 
analysis technique. This method is described in detail in Appendix I.B. In this 
approach, mutual coupling between phases of the overhead section and/or cable 
conductors and shield is represented using current dependent voltage sources. 
Then Kirchoff's current equations are written for each node and voltage equations 
written for each branch containing a current dependent voltage source. This re-
sults in a set of simultaneous equations whose solution yields the voltages and 
currents at every point in the network. 
The above general procedure has been implemented in a computer program and has 
been utilized to plot touch and step potentials on the earth surface above the URD 
cable. Appendices II.A and II.B include the simulation results. Specifically, 
touch and step potentials are plotted for various cases in three regions of the 
earth surface: 
- just above source end of cable 
- just above fault location of cable 
- just above cable end. 
A sample plot is shown in Fig. 2.4. All plotted potentials are normalized with 












t6, 	 SO 
•-•.1 
FRULT LOCATION 7- 	19 
NUMBER OF GROUND FOOD := 9 
EQUIVALENT EARTH MODEL: 
ICC .:. 0.4791 	OHMS. 
2GC 	10.0559 OHMS. 
"SIGMA 1 T. 	ox2no 
SIGMA 2 7: 0.0200 
M: TOUCH POIENTI 
0: MOXIMUM 	PHIENTIAL. 
e' 	
- -E.  --(5 —0---=• - 	u__ --,--__ 1,-- 	 





FIGURE 2.4 TOUCH AND STEP POTENTIALS: 
'L: HHUFLLLNLi 11 	LULILL 
L3 	HHk FAULI. 
C) NEAR CABLE END. 
E 
Cf' -• 30 
a specific situation, impedance data for the feeder and cable together with the 
earth impedance enable calculation of the magnitude of the expected at-fault 
voltage. Magnitudes of step and touch voltage may then be determined from the 
plots. 
In general, the potential at any point in earth can be determined by the program. 
In particular, potential distribution on the earth surface may be of interest. 
Figures 2.5, 2.6, and 2.7 illustrate the distribution of potentials on the earth 
surface near the source end of the cable, near the fault and near the end of the 
cable respectively. The cable used for these curves has attached grounds at 
points centered on the closed contours. Higher surface potentials occur near 
points of ground rod attachment. 
2.4 DISCUSSION OF PROBLEM PARAMETERS 
The various parameters which effect the step and touch potentials are to be 
considered in order to provide some insight into potential variations with para-
meters. A qualitative discussion is followed by a quantitative analysis of 
specific parameters. 
For purposes of this work, the touch and step potentials are defined as follows: 
Touch potential at point x along the cable length is the potential difference 
between the cable neutral at point x and the earth surface immediately above x. 
Step potential at point x along the cable length is the maximum potential dif-
ference between two points on the earth surface separated by three feet in the 
vicinity of point x. One of the two points is constrained to lie on a line six 
feet in length centered above x and directed perpendicular to the cable. 
Generally speaking, the voltage at points on the earth surface located just above 
the buried cable develops a profile similar to the voltage profile of the cable 
shield. This similarity weakens as the cable burial depth increases. The maximum 
voltage gradients on the earth surface occur in a small region above the buried 
cable, but not necessarily directly above the buried cable. Also maximum step 
potentials occur in a direction not necessarily perpendicular to the axis of the 
cable. For this reason, the definition of step potentials given above is em-
ployed. For every point x along the cable, surface potential differences are 
computed for all three foot steps from a line on the surface perpendicular to the 
cable six feet in length, centered at x. These data are then searched to deter-
mine the maximum. 
FIGURE 2.5 EQUIPOTENTIAL CURVES ON EARTH SURFACE NEAR 




FIGURE 2.6 EQUIPOTENTIAL CURVES ON EARTH SURFACE NEAR FAULT. 
FIGURE 2.7 EQUIPOTENTIAL CURVES ON EARTH SURFACE NEAR 
END OF CABLE. 
The primary determinants of the earth surface potentials are the magnitude and 
distribution of earth currents. The earth currents are influenced by the voltage 
rise of the substation ground and the buried cable shield. These electric cur-
rents will flow from the outer surface of the buried cable, through the earth into 
the substation grounding mat. In general, for a given cable, the earth current 
magnitudes will be inversely proportional to soil resistivity. Additionally, the 
jacket type determines the amount of earth current. An insulating jacket presents 
a high resistance to the flow of earth currents from the cable shield into earth. 
A semiconducting jacket resistances are variable, depending on jacket material 
resistivity. For commonly used semiconducting jacket resistivity, the earth 
current limiting effect of the jacket is negligible. Thus, for the purposes of 
computing earth currents, the presence of a semiconducting jacket has negligible 
effect. 
Several factors in addition to cable type and soil resistivity influence the earth 
current flow. The cable shield is not at constant voltage during abnormal or 
normal conditions. Phase shift effects and voltage drop due to fault current 
through the cable shield result in a certain voltage profile along the cable 
shield. This voltage profile is determined by a large number of parameters, 
involving the external circuit and the soil properties. These factors may result 
in situations where electric current emanating from the surface of the cable 
return partly to the substation ground and partly to the cable shield at another 
point. This situation is illustrated in Figure 2.8. 
Since earth leakage currents depend on cable shield voltage profile which varies 
along the length of the cable, it is clear that the location of the, fault affects 
the earth currents. Fault location affects short circuit currents flowing 
through the cable shield and thus the voltage drop across the shield. Thus the 
location of the fault impacts considerably on the voltage profile of the cable 
shield. If the cable is bare or jacketed with semiconducting jacket, the earth 
leakage current will be directly related to the shield voltage profile. If the 
cable has insulating jacket, the effect of cable shield voltage profile on earth 
leakage current is not significant. 
Another important factor affecting earth leakage currents is the configuration 
and condition of the neutral system. If the neutral is continuous from substation 
ground to the cable shield and in addition, the cable shield is intact (not 
corroded), most of the fault current circulates in the phase conductors and the 
neutral conductors because these paths present relatively low impedance to the 
flow of currents as compared to the resistance of the earth path. If, however, 
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FIGURE 2.8 POSSIBLE PATH OF FLOW OF EARTH CURRENTS 
there is a discontinuity in the neutral system (lack of overhead ground wire, or 
corroded cable shield), all the fault current has to return through the earth 
path. In this case earth currents are considerably higher. This situation also 
results in considerably higher earth voltages. 
Another important aspect of the earth currents involves the relationship to the 
cable voltage at point of fault. That is, for a given cable, the at-fault voltage 
is dependent on the division of fault current between the earth returns paths and 
the cable shield. Furthermore, over a wide range of parameters, it can be shown 
that the earth surface potentials are essentially proportional to the at-fault 
voltage. Consequently, at-fault voltages determined for one set of parameters may 
be extrapolated to another set if the relationship of the parameter to at-fault 
voltage is defined. This fact has lead in this report to the normalization of 
computed step and touch potentials to the at-fault voltage. 
For a specific fault point the relationship of the at-fault voltage to the earth 
currents and the sheath current can be represented by the reduced equivalent 
circuit of Figure 2.3. It should be noted that the equivalent impedance Z cc , and 
Zgc
, shown are determined by computer and represent the relationship between at-
fault voltage and earth currents, for given cable and soil parameters. Once these 
impedances are determined, the associated step and touch potentials, normalized 
to the at-fault voltage for the specified condition, can be applied to other 
conditions, thus extending the range of application of these results. 
An analysis of Figure 2.3 provides considerable insight into the determinants of 
at-fault voltage. Referring to the figure it may be seen that the at-fault 
voltage depends both on the external network and the equivalent circuit of the 
earth (Zgg Zgc Zcc
). The external circuit includes the substation, the feeder 
circuit as well as the conductor and shield of the cable. The external circuit 
can be described in terms of the positive and zero sequence impedances of the 
electrical circuit between the substation and the point of fault. 




Impedance Zcc is the equivalent impedance from the outer surface of the cable 
conductor to remote earth, referred to the point of fault. As the length of the 
cable increases Z 	will decrease due to increased surface area in contact with 
cc 
earth. (For insulated cable, this effect is, of course, small due to the high 
resistance presented by the jacket). With other factors fixed, the at-fault 
voltage is proportional to Zcc. 
The impedance Zgg represents the equivalent impedance of the substation ground 
mat. This impedance can be determined for a given mat by application of IEEE Std-
80 or by means of recently developed computerized procedures. The substation 
ground acts as a current limiting impedance for the earth current. Consequently, 




is a transfer impedance between the substation ground and the 
cable. It also represents a limiting impedance to earth current and thus effects 
at-fault voltage in a manner similar to Z . 
gg 
2.5 PARAMETRIC EFFECTS 
A relatively large number of parameters impact on the level of touch and step 
potentials resulting from underground cable faults. In preceding paragraphs, a 
qualitative discussion of the most important parameters as well as their effect on 
touch step voltages was given. In this section this discussion is extended in a 
quantitative way. The objective is to provide more insight into the problem of 
computing touch and step potentials. 
a) 	External Circuit parameters  
The external circuit parameters greatly effect the at-fault voltage. 
The circuit parameters are defined by the following quantities: 
- positive sequence impedance at substation bus 
- zero sequence impedance at substation bus 
- positive sequence impedance of the overhead line 
- zero sequence impedance of the overhead line 
- cable impedance (between source end and fault) 
- cable neutral size. 
Roughly speaking, the external circuit acts as a voltage divider which 
defines the at-fault voltage. The voltage divided is the substation 
secondary nominal voltage. The division ratio is determined by the above 
defined parameters. The following parameters decrease the division ra-
tio if they are increased: 
- positive sequence impedance at substation secondary bus 
- zero sequence impedance at substation secondary bus 
- positive sequence impedance of the overhead line 
- cable impedance (between source end and fault) 
The following parameters increase the division ratio if they are in-
creased: 
- zero sequence impedance of overhead line 
2-15 
- per unit length impedance of cable neutral. 
Figure 2.9 illustrates quantitatively the effect of the substation sec-
ondary bus positive sequence impedance on the level of the at-fault 
voltage. All other parameters are assumed to be constant. The same 
impact results from by the positive sequence impedance of the overhead 
line and cable impedance between source end and fault. 
Figure 2.10 illustrates the effect of the substation zero sequence im-
pedance on the level of at-fault voltage. As Z
0 
 increases, the at-fault 
voltage decreases. Again all other parameters are fixed at constant 
value. An opposite effect is incurred by the zero sequence impedance of 
the overhead line and the per unit length resistance of cable neutral. 
Thus a 1/3 neutral cable will yield higher at-fault voltage than a full 
neutral cable, other things being equal. The level of increase will 
depend on external circuit zero sequence impedance. 
Finally, Figure 2.11 illustrates the dependence of at-fault voltage on 
overhead line length. The at-fault voltage is insensitive to overhead 
line length. The reason is that both positive and zero sequence impe-
dances of the line increase commensurately with length. The effect of 
one is compensated by the effect of the other. Another reason for which 
the at-fault voltage is insensitive to overhead line length is that the 
impedance of the line is small compared to the impedance of the substa-
tion. 
b) 	Cable parameters  
Two of the cable parameters, namely cable conductor impedance and neu-
tral resistance per unit length, are included in the external circuit 
parameters and were discussed in the preceding section. In this section 
the effects of jacket parameters, and presence/lack of ground rods are 
discussed. No practical difference between a bare cable and a cable 
jacketed with semiconducting jacket of conductivity in the range 1 Wm to 
10
-3  ?/m exists. Also, the impact on surface potentials of outside cable 
diameter is practically negligible. In general, bare cables or jacketed 
cables with semiconducting jacket, with or without ground rods, present 
a low resistance to remote earth. This leads to low at-fault voltages. 
A long cable of this type may present considerable lower resistance to 
remote earth than the substation ground equivalent resistance. This 
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FIGURE 2.9 AT FAULT VOLTAGE AS A FUNCTION OF THE SUBSTATION 
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FIGURE 2.11 AT FAULT VOLTAGE AS A FUNCTION OF THE LENGTH OF 
THE OVERHEAD LINE. 
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substation grounding mat and high touch and step potentials in the vici-
nity of the substation. 
Jacketed cable with insulating jacket and without ground rods are basi-
cally isolated from earth. Earth leakage current is very small. The 
at-fault voltage is exclusively determined by the circuit parameters. 
This situation leads to high touch voltages and very low step voltages 
along the length of the cable. 
Insulating jacketed cable with ground rods behave anywhere between the 
above two extreme cases. The number of ground rods and their length have 
a profound impact. In general, earth leakage current and step voltages 
increase almost proportionally with the total length of ground rods. The 
at-fault voltage decreases almost inversely proportionally with the to-
tal length of ground rods. 
Finally, Figure 2.12 illustrates the composite impact of cable para-
meters on at-fault voltage. All cables are assumed to be bare. The fact 
that the at-fault voltage is lower for large cables is mostly attributed 
to low neutral resistance per unit length. 
c) 	Earth parameters  
The earth is modeled as a two layer semi-infinite medium with the fol-
lowing parameters: 
0 - 3' 	conductivity (7 2 ) or resistivity (p 2 ) 
3' 	conductivity (a l ) or resistivity (p 1 ) 
The purpose of this section is to quantitatively discuss the impact of 
above parameters on touch and step voltage level. 
It is noted that in the case of URD cable with insulating jacket and 
without ground rods, the touch and step voltages are insensitive to 
variations of 6 1 ,a 2 . Thus the discussion is confined to bare or semi-
conducting jacket cable with or without ground rods and insulating 
jacket cable with ground rods. 
The parametric effect is best illustrated with Figures 2.13, 2.14, 2.15, 
and 2.16. The content of these figures may be summarized as follows: 
Bare/Semiconducting Cable  
1. The at-fault voltage slightly decreases as soil conductivity 
increases (or soil resistivity decreases). 
2. Normalized touch and step voltages slightly increase as soil 
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FIGURE 2.12 AT FAULT VOLTAGE FOR VARIOUS CABLE SIZES WITH 
FIXED FAULT LOCATION AND EXTERNAL CIRCUIT. 
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Cable with Insulating Jacket and Ground Rods  
1. The at-fault voltage sharply decreases as soil conductivity 
increases (or soil resistivity decreases). 
2. Above pattern is followed by the touch and step voltages. 
3. Touch voltages are high as compared to touch voltages of 
bare/semiconducting cables. 
4. Step voltages are very low. 
d) Grounding configurations  
Substation grounding configurations are defined by the associated 
equivalent resistance to remote earth. High resistance of the 
substation ground limits the earth currents and thus the at-fault 
voltage at the cable. Thus higher substation ground resistance will 
yield lower touch and step potentials around the cable. Figure 2.17 
illustrates the impact of substation ground impedance Z 	on at-fault 
gg 
voltage. 
It should be emphasized that it is not desirable to increase the substa-
tion ground resistance in order to decrease touch and step potentials in 
the vicinity of the cable. This is so because the higher the impedance 
Z 
gg
, the higher the voltage elevation of the substation ground mat and 
thus higher touch and step potentials in the vicinity of the substation. 
e) Fault location  
The location of the fault impacts on the cable shield voltage profile, 
earth currents, at-fault voltage and touch and step voltages. The rela-
tionships involved are complex. In general, it has been observed that 
the maximum touch and step voltages increase as the fault location moves 
away from the source end of the cable. Figure 2.18 illustrates touch and 
step voltage variation as a function of fault location for an insulating 
jacket cable with ground rods. It is noted that the effect on step and 
touch potentials is less significant in bare or semiconducting jacketed 
cables. 
f) Neutral system  
In the preceding sections, it was assumed that there is continuous elec-
trical connection between the faulted URD cable neutral and the substa-
tion neutral. In other words, the neutral system is intact. However, 
the handbook data are applicable to cases of missing overhead ground wire 
and/or corroded cable neutral. 
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When the neutral system is not continuous, the fault current has to 
return through the earth path. The situation results in considerably 
higher earth currents, higher at-fault voltage and higher touch and step 
voltages. This condition is the worst possible case in terms of touch 
and step voltages. As an illustration of this claim, Table 2.1 presents 
data for a bare 15 kV cable with continuous and non-continuous neutral 
system. 
Figure 2.19 illustrates the distribution of normalized touch and step 
voltages for a bare cable, faulted at approximately 1500 feet from source 
end, without electrical connection to substation ground. Note that the 
distribution is similar to one of a system with continuous neutral and 
the fault located near the source end of the cable. The similarity is 
justified from the fact that the cable shield voltage profile is similar 
in both cases. For highly conductive soils, however, or very long 
cables, the above statement must be modified. 
TABLE 2 
TOUCH AND STEP VOLTAGES WITH CONTINUOUS AND 
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DESCRIPTION OF THE COMPUTER PROGRAM 
The developed computer program is segmented into two subprograms. The first 
subprogram, which bears the symbolic name BCAB1, accepts the parameter values of 
the problem, performs the segmentation of the URD cable system, generates all 
circuit equations, and conditions the data to be accepted by the second program. 
The second subprogram, symbolic name BCAB2, computes the earth equivalent 
circuit, solves the resulting network problem, computes the earth currents and 
from the earth currents touch and step potentials. Finally, touch and step 
potentials are plotted. 
The input data required by the computer program are listed in Table 3.1. The 
standard output of the computer program is plots of touch and maximum step poten-
tials at three regions of the URD cable: near the source end of the cable, near 
the fault, and near the end oE the cable. A standard output is illustrated in 
Figure 3.1. 
The underground cable system is represented with 67 earth embedded segments. The 
segmentation is performed in the first subprogram. The same subprogram generates 
the network equations in sparse form. Sparcity programming was necessary because 
of the size of the network problem. The generated data are stored in a temporary 
file. This file is then fed into the second subprogram. A flow chart of the first 
subprogram is shown in Figure 3.2. 
The second subprogram, which is also sparcity coded, performs the actual computa-
tions. First the Z
LAP 
matrix is computed for the segmented underground cable 
system. At this point the equivalent circuit representation of the system and 
associated equations are complete. Next the circuit equations are solved. From 
the solution the earth currents are defined. Back substitution yields voltage 
level along the cable shield. Next, voltages at a selected grid of points on the 
earth surface are computed by employing the equations of Appendix I.A. From above 
voltages and voltage along the cable shield, touch and maximum step potentials are 
computed. Finally, touch and maximum step potentials are plotted. A flow chart 




CABLE PARAMETERS  
- outside diameter, d 
 
- conductor resistance per mile, rc 
- shield resistance per mile, r
s 
- conductor GMR, d
c 
- shield average radius, c z 
- jacket: conductivity and thickness, gj , t 
- burial depth, d b 
- cable length, 2. 
- fault position, k f 
SUBSTATION PARAMETERS  
- substation ground resistance, R
s 
- positive (negative) sequence impedance, Z 1 
- zero-sequence impedance, Z o 
- supply voltage, E (line-neutral) 
OVERHEAD FEEDER PARAMETERS 
- phase conductor resistance per mile, r 
- phase conductor GMR, d 
- ground wire resistance per mile, r 
g 
- ground wire GMR, d g  
- GMD between phase conductor D 
- average height, h 
- feeder length, 1 0 
SOIL PARAMETERS  
0 - 3' conductivity, 62 
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FAULT LOCATION 	1499 HILT. 
NUMBER OF GROUND RODS -z 9 
EQUIVALENT EARTH MODEL: 
?CC 	1.1541 	OHMS. 
ZGE 172.3201OHMG. 
SIGMA 1 	0.0200 














FIGURE 3.1 	TOUCH AND STEP POTENTIALS: 
O 	NEAR SJURLL L I1 GE CJILLL. 
NE HR 
C 	NEAR i:AW I rNu. 
Read in Problem Parameters 
Perform segmentation of 
the URD cable, ground rods, 
and substation grounding mat 
Compute admittances of the 
external circuit branches 
Compute admittance matrix 
Compute matrices E, G, and H 
(See Appendix) 
Modify computed matrices 
to account for applied 
voltage 
Store data in a file 
END 
FIGURE 3.2 FLOW CHART OF SUBPROGRAM BCAB1 
3-4 
    
Read data from file 
   
         
         




   
         
         
    
Solve for Earth Currents I 
eq. B.20 —4.- eq. (7) 
   
         
         
 
r 
      
  
Compute cable shield voltage 
profile and at fault voltage 
   
         
   
Compute earth surface potentials on 
three (13 ft x 6 ft) grids of points 
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by searching the computed earth 
surface potentials. 
  
         
    
Compute simplified equivalent 
circuit representation of earth 
   
         
         
L Plot touch and maximum step potentials 
C END  




A method for the electromagnetic analysis of underground conductors in electrical 
contact with the earth is presented. The method combines integrals of Green's 
functions solutions to Laplace's Equation, superposition, and method of moments. 
The conductor is embedded in a two layer conducting medium located below a noncon-
ducting medium. The depth of the boundary between the two conducting layers may 
be arbitrarily specified as well as the conductivities of the two layers. 
The underground conductor is subdivided into a combination of N horizontal or 
vertical subsections. The subsections may be in either the upper or lower con-
ducting regions. Each subsection is modeled as a cylindrical metallic conductor 
with an outer conducting jacket. The area, diameter, temperature and conductivity 
of the metallic conductor, and the thickness and conductivity of the jacket must 
be specified. 
The conductor may be either a segment of an underground system or simply a single 
isolated length of conductor. In either case, electrical connection may be 
specified at the end or midpoint of any subsection. Conductor subsection lengths 
and burial depths must be specified. As the conductivities of both metallic 
conductor and the jacket are specified for each subsection of the conductor, many 
conductor configurations such as open sections, insulated jacket sections, sec-
tions without jackets, semiconducting jacketed sections may be modeled. 
A.1 STATIC ANALYSIS OF 60 Hz PROBLEM 






+ ]1 wc 
 
(A-1) 
The value of conductivity, o, for soils commonly found in the continental United 
States ranges from 10 -5 to 10
-2 mhos/meter depending, primarily, on moisture 
content and soil type. The value of the permittivity, s, for common soil types is 
not often reported; however, estimates obtained from the values of water, marble, 
A-1 






is the free 
space permittivity of value 8.854 x 10 -12 F/m (Farads/meter). The value of the 
permeability, u, for non-ferromagnetic soils is the same as the permeability of 
free space, namely 1.257 x 10-6 H/m (Henries/meter). At 60 Hz, the angular 
frequency, w, is given by 
w= 27f = 377 . 	 (A-2) 
Using the extreme values for 11 and c given above yield the following extreme 
values of wavelength: 
3.59 meters < A < 111.8 meters 
When the solution space of the field equations is much less than the propagation 
wavelength, no appreciable phase difference of the propagated wave exists between 
points in the space and propagation effects may therefore be ignored. Ignoring 
propagation effects converts the general electromagnetic analysis problem into an 
electromagnetic problem governed by Laplace's equation. The method of analysis 
presented below is an electromagnetostatic analysis and should not be applied to 
conducting regions where propagation effects are significant. 
A.2 CURRENT CALCULATION FOR POINT SOURCE IN UPPER LAYER 
The starting point for the development of this method is to solve for the voltage 
in three regions generated by a point of current I located in the middle medium. 
This solution is called the Green's Function for the problem. Figure A.1 shows 
the three regions, the point of current, and the reference coordinate system for 
this point problem. The cylindrical angle (1) measured from the X axis in the x, y 
plane is not shown. The three regions are characterized by their conductivities 
and planar boundaries at Z=0 and Z=D. The solution to the problem is obtained 
from Laplace's Equation in cylindrical coordinates independent of the angle (1). 
The solution for the voltage is separable into functions Z(z) and R(r) as 
V(r,z) = R(r)Z(z) (A-3) 
where V is the voltage at the cylindrical coordinates r and z and R and Z are 
functions to be determined. Laplace's Equation for this case reduces to 





-2V(r,z) - 	 (r 	) + 	 - 0. 	 (A-4) 
	
R(r) Dr Dr Z(z) 	Dz2 
The general solution to the equation is given as 
CO 
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Point Current Source IA 
Figure A.1 Geometry of Earth Model 
where 0(k) is an arbitrary function of k. The solution has two possible func-
tional forms with respect to z and in general both forms must be employed. 









(r,z) - 	 47a 0 
0 
z 	0 (A-6) 
where the +kz solution must have a zero coefficient, for z -4- + co the voltage must 
vanish. The conductivity 0
2 
is used instead of 0
3 
in the multiplier to keep the 
coefficients for all regions identical. The missing multiplying factor 0 2 /0 3 , if 
needed, is absorbed in the unknown function 0(k). 
The general solution for region 2 is written as 
V
2



















< z < 0. (A-7) 
The solution for region 2 contains both the +kz and -kz general solutions. In 
addition, the first term of this solution is a forcing solution in the form of the 
known solution for a point current located at z=Z
1 
of magnitude I in an infinite 
region of conductivity 0 2 . The unknown functions 11)(k) and 0(k) must then compen-
sate for the forcing function. 




z) -  	cl)(k)J
o
(kr)e +kzdk, 	z 	D. 47c5 2 
0 
(A-8) 
In this solution, the multiplying function for the -kz solution was set to zero in 
order that the voltage for z -4- - ... would be zero. 
The above set of three equations possesses four unknown functions 0(k),Ip(k), 0(k) 
and(15(k) which must be determined to solve for the voltages in the three regions. 
Four equations can be generated by applying boundary conditions to the solutions 
at the two boundaries z=0 and z=D. At each planar boundary the voltage on each 
side of the boundary must be continuous at the boundary (i.e.) 
V3 (r , 0) = V2 (r ' 0) 
	


















V2 (r,D) = V i (r,D) 	 (A-10) 
At each boundary, the current normal to the boundary must be continuous as it 


























The solution to the four unknown functions as determined from the four boundary 
conditions is aided by the fact that for equality of integral equations of this 
type, the integrands must be equal. Since differentiation is not performed with 
respect to r in any of the four equations, all terms have the common factor J 0 (kr) 
which may be divided out of each side of the equations. Boundary condition 
Equations (A-9) and (A-10) result in the following algebraic equations: 
+kz 
Q(k) = e 	1 + 11)(k) + 6(k) 
k(D-Z ) 
qb(k)e 	= e 



































The solution of the four equations for the four unknown functions is straight-
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32 	c +c 
3 	2 
Substitution of these 
yields integrals of 
-2kd e 










where d takes on the positive values -Z 1 , -D, or -(D+Z 1 ). The quantity 
may be recognized as the sum of a power series of the form 
1 









1 -x (A-24) 
where x < 1. 
or less and since both -D and k are positive, the magnitude of e+2kD  is always less 
than one except when k=0. The k=0 point is integrable in this form and therefore 
does not present a problem. 




that each has a magnitude of one 
A- 6 
Expanding the denominator of the integrand of integral M in its power series 
representation, yields integrals of the following form 







where N is any non-negative integer and d is as defined previously. Integrals of 












 + (z72d+2ND) 2 T 
(A-26) 
Applying the above procedure of substituting the solution for the four unknown 
functions into the three voltage equations, and by expanding the denominators of 
each integral in a power series and integrating term by term, yields the following 
infinite series for the voltages in the three regions: 
I
p 	 (K K ) 12 32  v (r,z) - 
2 3 	27(0 +0 ) 	 2 Iz 
	














 -2(i+1)D 2 
for z > 0 
(A-27) 
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32 J 	2 	 2 1- 1=0 [r + (z+z 
1
+2iD) ] 2 
for z 5 D (A- 29 ) 
   
The above three equations are called the Green's function solution for the voltage 
in each medium due to a point of current in the medium 2. 
A.3 CURRENT CALCULATION FOR POINT SOURCE IN LOWER LAYER 
The Green's Function for the point current located in the lower layer is developed 
with the same procedure give above for the point current located in the upper 
layer. Results of the procedure are summarized below. The general solution for 
region 3 is written 
















1 , 	 0 
D < z < 0 	 (A-31) 
The general solution for region 1 which contains the point xurrent I at (r-O, 











0 	 0 
z < D 	 (A-32) 
The four boundary equations needed to solve for the four unknown functions 0(k), 
4,(k), e(k), and (I)(k) are: 
0(k) = 11)(k) + e(k) 
	
(A-33) 
-a 30 (k) = -a
2













L_1-K K e 




















































P kZ 1 
  
     
     
(A-37) 
     




















   



















2 (A-42)  
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The above three equations are called the Green's Function solution for the voltage 
in each medium due to a point of current in medium 1. These three equations, 
together with the three Green's Functions for the voltages due to a point of 
current in medium 2, will be integrated to find the voltages due to lines of 
horizontal and vertical currents in the following sections. 
A.4 VOLTAGE PRODUCED BY HORIZONTAL LINES OF CURRENT 
In this section the Green's Function solutions (point source solutions) are used 
in the determination of the voltages produced in the three regions due to a 
horizontal line of current located in the upper layer or the lower layer. This 
problem is solved by using the rectangular components of the cylindrical system 
shown in Figure A.1. 
First, the superposition theorem is employed to find the voltage in the three 
regions as a summation of the voltages due to a distribution of point currents 
which are located on a horizontal line in the upper layer. The line is assumed to 
be parallel to the x axis with a length 2L 1 with the center located at the 
rectangular coordinates (X 1 , Y 1 and Z 1 ). Let the total current, I, be uniformly 
distributed along the length of the line, resulting in a current density of 


























)2+(y_y )2+(z_z1- ' 2E) 2 
X +L 
1 1   dx 
21,
1 
P = K (A-48) 
Now, let the line be segmented into infinitesimal segments of length dx
s
. The 
current associated with each segment is pdx
s = (I/2L 1
)dx
s
. Then the contribution 
to the voltage at a point in (x,y,z) in any of the regions due to the segment with 
x-coordinate xs 
can be obtained by the use of Equation (A-27), (A-28), or (A-29) 




, and r replaced with ✓(x-X 1 ) 2 + (y-Y 1
) 2 . The 
incremental voltage contributions can then be integrated to yield the total vol-
tage due to the line current. For example, if we let VX 32 (x,y,z) be the voltage at 
a point (x,y,z) in region 3 due to a line of current in region 2, we have 
(K K ) i 
12 32  





) 2+(y-Y i ) 2 +(z-Z -2(i+1)D) 2 
1 	 ......J 
(A-47) 
Similar expressions are obtained for VX22 (x,y,z) and VX 12 (x,y,z). 	Thus, each 
voltage expression is an infinite series of terms of the form 
where K and E are constant for each integration. The evaluation of this integral 
is straightforward for all points (x,y,z) not colinear with the line current. For 
points colinear with the line current but not on the line current, the denominator 
reduces to x-x
s 
when the constant E is zero. The evaluation of this integral for 
points on the line current will be presented later. In all cases, except for 
points on the line current, the evaluation of this integral is determined as 
I 




i(t+L ) 2 +11 2 +v-7 + t +  L 
F(t,u,v,L) = 
✓(t-L) 2 +u 2 +v 2 + t - L 
 
(A-50) 
The voltage at point (x,y,z) due to the line current then becomes 
 
A-11 











































for z 	0 
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for 	D (A-51-c) 
A similar integration leads to the following results for horizontal line current 
sources of length 2L
1 




) located in region 
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	for z 	0 (A-51d) 
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for z 	D 
Voltage equations with form similar to these six equations will frequently appear 
in this paper, so it is convenient to define the following functions to simplify 
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Let these functions have a special property such that when G(x,y,z) on the left 
hand side becomes G(x,y,z). The domain elements of the G's on the right hand side 




{G(z,y,x)} =  	 (K
12 32 
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1 
i=0 
A.5 VOLTAGE PRODUCED BY VERTICAL LINES OF CURRENT 
In this section the Green's Function solutions are used in the determination of 
the voltages produced in the three regions due to a vertical line of current 
located in either the upper layer or lower layer. 
The derivation proceeds in the same sequence used in the derivation of the voltage 
due to horizontal lines of current presented above. The current density is 
assumed to be uniformly distributed over the vertical line of length 2L. The 
Green's Functions for a point current located in the upper layer are then inte-
grated along the vertical z dimension of the line of current term by term. The 





s r 	 2L1 






2 + (z-z 
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 1-2E)2 
- 1 1 
(A-53) 
where K and E are constant for each integration. The evaluation of the integral 
is straightforward for all points (x,y,z) not on line current. 
A-15 
For point (x,y,z) not on the line, the integral may be evaluated as follows: 




Let G(t,u,v) = F(t,u,v,1 1 ). 
Then voltages due to the vertical current located in region 2 for any point 
(x,y,z) not on the line current are: 
VZ32 (x , y , z) = S 32 







0 > z > D 
	
(A-55b) 
VZ 12 (x , y , z) = S 12  G(x
, y , z) 	z < D 
	
(A-55c) 
The equations for the voltage produced by a vertical line of current of length 2L 1 




) located in region 1 are developed in a
similar fashion. The results are: 
VZ31 (x,y,z) = S 3I G(z,x,y) 
	
z > 0 
	
(A-55d) 
VZ21(x,y,z) = S21 G(z ' x ' Y) 
	








z < D 
	
(A-55f) 
It can be shown that the voltage produced by a line current becomes the same as the 
voltage produced by a cylindrical tube of current of radius a for points beyond 
several diameters from the tube. The primary effect of the tube diameter is on 
the self resistance of the conductor, covered subsequently. 
A.6 POTENTIAL OF CONDUCTING SEGMENTS 
The equations given above are not directly applicable to the computation of 
potential on a second line conductor. That is, if a second (perfect) conductor 
were located in region 1 centered at coordinates (x,y,z) Equation (A-51f) would 
indicate that the potential on the equation resulting from the source conductor 
would vary along the length of the second conductor. On the other hand, since the 
conductor is lossless, the potential is constrained to be uniform. Following the 
work of Tagg and Sunde, in order to satisfy this constraint, the assumption is 
made that the voltage of the perfect conductor is the average of the potentials 







































grating the voltage along the line of the second conductor and dividing by the 
conductor length. 
The averaging of the voltage along the conductor results in 36 different voltage 
equations due to the fact that the source conductor may be x-directed, y-directed 
or z-directed and may be in region 1 or 2. Likewise, the second conductor can also 
have different orientation and location. These 36 equations can be written in 
terms of two basic functions as will be shown in the next 2 sections. 
A.7 PARALLEL CONFIGURATION 
Let the second conductor have length of 2L, be located in region 2 with center 
(x,y,z) and the source conductor have length of 2L 1 with center (X1'YZ1
). The 
average potential terms from Equations (A-49) and (A-50) have the following form: 
x+L 
1 

























-L 	P x-L 
1 
where both conductors are assumed to be oriented in the x-direction. 
(A-56) 
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+ ✓ (t+L-L 1 ) 2+u 2 +v 2 - (t+L-L1 )tn(t+L-L 1 + /(t+L-L1) ,±u4v2) 
(A-59) 
Again we abbreviate the notation as: 
1 
L 
H(t,u,v) = 2 H'(t,u,v,L,L
1 ) 
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H(x,y,z) 	0 > z > D 
	
(A-60b) 
VX12 (x , y, z) = S 12 
H(x
' y ' z) 	
z < D 
	
(A-60c) 
The equation of the voltage due to a source line current of 2L
1 
length center at 
YZ
1
) located in region 1 are: 
VX31 = S 31 H(x,y,z) 
VX21 = S21 H(x,y,z) 
VX11 	S11 H(x,y,z) 
z > 0 
	
(A-60d) 
0 > z > D 
	
(A-60e) 
z < D 
	
(A-60f) 
For both conductors y-directed, the six voltage equations are: 
For source at region 2 




VY22 = S22 H(y,x,z) 	 0 > z > D 
	 (A-61b) 
VY12 = S12 H(y,x,z) 	
z < D 
	
(A-61c) 
For source at region 1 
VY31 = S31 H(y,x,z) 	 z > 0 
	
(A-61d) 
VY21 = S21 H(y,x,z) 
	
0 > z > D 
	
(A-61e) 
"11 = S1 1 H(y,x ,z) 
	
z < D 
	
(A-61f) 
For both conductor z-directed we can integrate equation similar to the x-directed 
case and obtain the following equations: 
For source at region 2 
VZ32 = S32 H(z,y,x) 	 z > 0 	 (A-62a) 
VZ22 = S22 H(z,y,x) 	 0 > z > D 	 (A-62b) 
VZ 12 = S12 H(z,y,x) 
	
z < D 	 (A-62c) 







z > 0 
	
(A-62d) 
VZ21 = S21 H(z,y,x) 
	
0 > z > D 
	
(A-62e) 
VZ11 = S11 H(z,y,x) 
	
z < D 
	
(A-62f) 
A.8 PERPENDICULAR CONFIGURATION 
When the two conductors are not parallel, the integration has a different form. 
For example, assume the first conductor has length of 2L 1 , is directed in x-
direction and the second conductor is y-directed and has length of 2L. The 
average voltage equation terms then have the basic form 
Y+ 1--, 	 v _y .+(z-Z ) 	+E) 2+x-X 1
+L
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tt,u,v,L,11 ) 	. 
Similar to the parallel configuration, we can express the average voltage equa-
tions for the perpendicular configurations in terms of the N function. For 
conductors having the same dimensions as before, these equations become: 










VXY32 = S32 N(x,y,z) 
VXY22 = S22 N(x,y,z) 
VXY 12 = S12 N(x,y,z) 
z > 0 
0 > z > D 
D < z 
For X-Y configuration, X-directed source conductor located in region 1 
VXY31 = S31 N(x,y,z) 
VXY21 = 
S21 N(x 'Y' z) 
 VXYll = S11 N(x,y,z)
VYX32 = S 32 N(y,x,z) 
VYX22 = S22 N(y,x,z) 
VYX12 = 
S 12 N(Y ' x ' z) 
z > 0 
0> z> D 
D < z 
For X-Y configuration, Y-directed source conductor located in region 2 
z > 0 
0 > z > D 
D < z 
A-21 
For Y-X configuration, Y-directed source conductor located in region 1 
z > 0 
D > z > D 
D < z 
z > 0 
0 > z > D 
D < z 
For X-Z configuration, X-directed source conductor located in region 2 
For X-Z configuration, X-directed source conductor located in region 1 
For Z-X configuration, Z-directed source conductor located in region 2 
For Z-X configuration, Z-directed source conductor located in region 1 
For Y-Z configuration, Y-directed source conductor located in region 2 
VYX31 = S31 N(y,x,z) 
VYX21 = S21 N(y,x,z) 
VYX11 = S11 N(y,x,z) 
VXZ
32 
= S32 N(x,z,y) 
VXZ22 = S22 N(x,z,y) 
VXZ 12 S 12 N(x,z,y) 
VXZ31 = S 31 N(x,z,y) 
VXZ21 = 
S 21 N(x ' z ' Y) 
 VXZ11 = S11 N(x,z,y)
VZX32 = S32 N(x,z,y) 
VZX22 = 
S 22 N(x ' z ' Y) 
 VZX12 = S 12 N(x ' z ' Y) 
VZX31 = S 31 N(x,z,y) 
VZX21 = 
S 21 N(x ' z ' Y) 
VZX
11 = S 11 N(x ' z ' Y) 
VYZ32 = S 32 N(y,z,x) 
VYZ22 = S22 N(y,z,x) 



















z > 0 
0 > z > D 
D < z 
z > 0 
0 > z > D 
D < z 
z > 0 
0 > z > D 
D < z 
z > 0 
0 > z > D 
D < z 
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For Y-Z configuration, Y-directed source conductor located in region 1 
VYZ31 = S31 N(y,z,x) 	 z > 0 	 (A-70d) 
VYZ21 = S21 N(y,z,x) 
	
0 > z > D 	 (A-70e) 
VYZ 11 = Sll N(y,z,x) 
	
D < z 	 (A-70f) 
For Z-Y configuration, Z-directed source conductor located in region 2 
VZY32 = S32 N(z,y,x) 	 z > 0 	 (A-71a) 
VZY22 = S22 N(z,y,x) 
	
0 > z > D 	 (A-71b) 
VZY 12 = S12 N(z,y,x) 	 D < z 	 (A-71c) 
For Z-Y configuration, Z-directed source conductor located in region 1 
VZY31 = S31 N(z,y,x) 	 z > 0 	 (A-71d) 
VZY21 = S21 N(z,y,x) 
	 0 > z > D 	 (A- 71e) 
VZY
11 = S 11 N(z'Y'x) 	 D < z 	 (A-71f) 
A.9 SELF POTENTIAL 
The equations thus far devided are restricted, because the equations for the 
voltage at any point due to line current source are not valid when the point is on 
the line current. It will be necessary in what follows to be able to evaluate this 
voltage. 
The case of an X-directed line current in region 2 is used as an example. Examina-




show that only the first term of 
VX22 (x,y,z) becomes undefined for a point on the conductor (i.e. y= 1/ 1 , z=Z i , X 1 -L 1 
 < x < X1 +L 1 ). Define this term to be VX 22 (x,y,z). It is noted that VX22 (x,y,z)
has physical significance. This term is recognized as the voltage at (x,y,z) 
which would have been produced had the problem been composed of an infinite medium 
of homogeneous conductivity o
2 
with a line of current of :Length 2L, directed 
parallel to the x axis and having a center at (X 1 ,Y 1 ,Z 1 ). The solution of this 
problem is now obtained with an alternate method and will be substituted for the 
undefined term in VX
22 
whenever the point voltage evaluation lies on the current 
line. 
A-23 
For the purposes of calculating the potentials on the line of current in an 
infinite medium, the line of current may be replaced with a tube of current of 
length 2L and diameter 2a. A total current I is leaving the surface of the tube 
and is uniformly distributed over the surface area of the tube with current 
density p given by 
- 	  
	
(2ra) (2L ) 	4raL 
1 1 
The equation for the potential in an infinite medium of homogeneous conductivity 
a
2 
is given by the surface integral of the current distribution weighted by 1/4r 
rG2 , where r is the distance measured from each current element to the point of 
voltage evaluation. For a current tube parallel to the x-axis centered at 









VX' (x,Y ,Z ) -   dx da 












where a is defined in Figure A.2. 
Evaluating the integral yields 
(A-72) 
VX' (x Y Z ) - 	 Zn 22 ' 	1 	8ra 
2
L 
1-1/(x-X 1  +L) 2+a 2+x -X 1  +L 
/(x-X
1 




Thus, for cases in which the voltage of the line current must be evaluated on the 
line current, the first term of Equation (A-51b) is replaced with Equation (A-72). 
Comparison of Equation (A-72) with the term of Equation (A-51b) shows that they 
are identical when a=0 and that the two results become asymptomatically equal as 
Ix-X ll increases beyond L. As an example, let lx-X
1
1 be greater than L
1 
by 10 radii, 
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✓400a 2+20a  
/100a 2+10a (A-74) 
   
The last expression is equal to the first term of Equation (A-51b) when evaluated 
on a line colinear with the line source. 
The above analysis shows that the voltage equations for lines of currents are the 
same as the equations of tubes of currents with finite diameter as long as the 
evaluation of the voltages is performed many diameters from the tube. 
The self voltage of a tube of current may be calculated as the average voltage 
along the axis of the tube, similar to the average voltage applied earlier. 
For the case of a conductor located in region 2 and X-directed, the voltage has 
the form: 
VX' (x ,y ,Z )dx 
22 p 1 1 	p 
X-L 
X+L 
J 	,Q.n  
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- ✓ (x-L-X1-1,1)2+a2 	 (A- 76) 
For x=X L=L 1 
      
I 
W = 2L yLn 
2L + ✓4L 2+a 2  
-2L + ✓4L2 +a 2 
 
2/1 + 	 + 2v--7 
	
4L 2 4L - 
(A-77) 
      
This equation may be written using the previously defined H function as 
W = H(0,z,O,L,L) 
Therefore, to evaluate the average self potential for any tube of current of any 
orientation the voltage equation developed for two parallel conductors located in 
the same region are used and evaluated at 
x-X1 = 0, y-Y 1 = a, z-Z
1 
= 0 . 
A.10 MUTUAL AND SELF RESISTANCE 
The mutual and self resistance are derived in this section using the voltage 
Equations (A-60), (A-61), (A-62), (A-66), (A-67) and (A-68) developed before. All 
those equations have the general form of 
V(x,y,z,X 1 ,Y 1 ,Z 1 ,I) = I F(x,y,z,X 1 ,Y 1 ,Z 1 ) 
	
(A-78) 
When the dimensions of the conductors are fixed, V becomes a function of location 
and current. Examination of all voltage equations thus far reveals that V is 
linearly dependent on the current I leaving the conductor. Mutual resistance 
between two conductors is defined as 
V(x,y,z,X 1 ,Y 1 ,Z 1 ,I) 
RM(x,y,z,X 1 ,Y 1 ,Z 1 ) = 	  
= F(x,y,z,X 1 ,Y 1 ,Z 1 ) 	 (A-79) 
For example the mutual resistance between two x-directed conductors, one located 





























































































- (x-X 1+L-L 1 ) km[x-X1 +L-L 1 + /(x-X 1 +L-L 1 ) 2 +(y-Y 1 ) 2+(z-Z
1 
 -2iD) 2 0 	(A-80) 
The self resistance of a conductor is defined as the self potential of the 
conductor divided by the current leaving the conductor. As demonstrated before, 












 = a, z-Z
1 
= 0, where a is the radius of the conductor. 
A.11 MUTUAL AND SELF CAPACITANCE 
To calculate the capacitance between underground conductors in electrical contact 
with the earth, we determine the voltage in terms of charge on the conductors. 
Analysis of voltage due to a charge distribution is similar to the analysis for 
evaluation of the voltage induced by current distributions. In this case the 
A-28 
voltage is induced by the charge on the conductor rather than the current. As in 
previous sections, we can apply the integrals of Green's Functions' solutions, 
Laplace's Equation, superposition and method of moments to obtain the voltage 
induced by a point charge. As an example of this process the voltage at a point in 
region 1 due to a point charge source in region 2 is given by 
00 







471-Q E 2 
0 
z S D (A-81) 
which is obtained by simply replacing I with Q and G by c in Equation (A-8) due 
to the fact that the source is a point charge instead of a point current. 
With the same reasoning let 
E -E 
A  1 2  












A sequence of "S" equations can be written for the capacitance case. 	As an 



































Thirty-six equations for the voltage induced on one conductor due to the charge on 
another conductor can be developed in exact parallel to the thirty-six equations 
developed for the voltages induced by current sources. To obtain an equation for 
the voltage induced by a conductor's own charge (self-potential) Equation (A-77) 
is combined with Equation (A-84) as was done before. 
The thirty-six capacitance equations would be essentially the same as Equations 
(A-60), (A-61), (A-62), (A-66), (A-67) and (A-68) but using "SC" functions as 
Equation (A-84) instead of "S" functions as Equation (A-52). All have the general 
form 
V(x,y,z,X 1 , 11 1 ,Z 1 ,Q) = Q F'(x,y,z,X 1 ,Y 1 ,Z 1 ) 	. 
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The voltage is linearly dependent on the charge on the conductor. The mutual 
capacitance is defined as 
CM(x,y,z,X 1, Y 1, Z 1 ) 
V(x,y,z,X1 , 11 1 ,Z 1 ) 
(A-85) 
  
As an example, the mutual capacitance between two conductors both x-directed and 
one located in region 1 and the other located in region 3 is given by 
VX
31
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 -2iD))1 	(A-86) 
The self capacitance can be determined using the mutual capacitance equations 
evaluated at x-X1 = 0, y-Y 1 = a, z-Z




The purpose of this appendix is to outline in detail the analysis method used for 
the computation of currents and voltages at any point of the representative system 
shown in Figure 2.1. The approach taken is to develop an equivalent circuit 
representation of the physical system and to apply network analysis techniques. 
To demonstrate certain salient features of the methodology the system under consi-
deration is illustrated again in Figure B.1. The system consists of a substation, 
an overhead feeder and a section of buried cable. A fault is assumed to exist at 
distance x from the feeder end of the cable. It is assumed that normal load 
current is negligible with respect to the fault current. Consequently, only one 
phase of the overhead line which feeds the URD cable is included. An overhead 
ground wire is included and is assumed to have a copper connection to the substa-
tion ground mat at one end and to the cable shield at the other end. Also 
represented are m ground rods assumed to be connected to the cable shield. 
The ground mat represented is assumed to be electrically connected to the neutral 
of the secondary of the substation transformer (grounded Y secondary). It should 
be emphasized that the assumptions regarding the continuity of the neutral system 
are not restrictive. Assume, for example, an open neutral exists at a specific 
location (because of corrosion or simple lack of overhead ground wire). This case 
can be simulated by inserting a very high resistence at an appropriate place in 
the neutral circuit. 
The cable, the substation ground mat, and the ground rods are embedded in earth. 
For analysis purposes the earth embedded structures of the system are partitioned 
into n+2m+4 segments as outlined below. 
The cable is partitioned into n segments as it is shown in Figure B.1. The 
segmentation is such that the fault falls at the boundary of two adjacent seg-
ments, i and i+1, 1< i< n-1, 
The segments of the cable are numbered 1 through n. Each ground rod is segmented 
into two segments. These segments are numbered n+1 through n+2m, where m is the 
number of ground rods. Finally, the grounding grid of the substation is assumed 
B-1 
n + 1 







FIGURE B.1 URD CABLE CONFIGURATION WITH m GROUND RODS AND SUBSTATION GROUND MAT 
to be type A, as defined in IEEE Std-80. 	It is segmented into four segments 
numbered n+2m+1 through n+2m+4. 
Consider the n+2m+4 earth embedded segments. The outside surface of each segment 
which is in direct contact with the soil is a cylindrical surface. In general 
this surface will be at some voltage V and, therefore, current will flow into 
earth as in Figure B.2a. Using assumptions 
(a) constant current density flow from the outer surface of a 
segment into earth 
(b) constant voltage over the outer surface of a segment, 
the following matrix equation can be developed: 
Z
LAP 






is an (n+2m+4)x(n+2m+4) matrix resulting from the numerical solution 
of Laplace's equation, 
I is an (n+2m+4)xl vector of the total currents flowing into earth from 
each segment described above, 
V is an (n+2m+4)xl vector of the average voltages of each segment. 
In general, the average voltage V i of segment i is not a constant but depends on 
the external circuit, the geometry and electrical properties of the cable, induc-
tion phenomena occurring inside the cable, soil parameter, etc. In order to 
account for all these effects, a rather detailed equivalent circuit model for the 
cable as well as the feeder is developed from which the voltages V of each segment 
can be computed. 
Specifically, the analysis consists of three steps: 
step 1: An equivalent circuit representation of the earth is developed. 
step 2: An equivalent circuit representation of the substation, 
overhead distribution line, and cable is developed. 
step 3: The interconnected equivalent circuits from steps 1 and 2 are 
analyzed using the modified nodal analysis. 
After completion of step 3, all currents and voltages are known for the system, 
including the earth leakage currents, I. Knowledge of the leakage currents, I, 
allows the computation of earth potentials (and therefore touch and step poten-
tials) with the procedure outlined in Appendix I.A. 
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FIGURE B.2 a) PHYSICAL SYSTEM OF ONE SEGMENT 
b) SIMPLIFIED ASSUMPTION FOR ANALYSIS PURPOSES 
B.1 EQUIVALENT CIRCUIT REPRESENTATION OF EARTH 
To arrive at an equivalent circuit representation of the earth, two simplifying 
assumptions are introduced: 
(a) The potential of the middle point of segment i is V i . 
(b) The current I i which flows from the surface of segment i into earth 
is concentrated at the middle point of segment i (Figure B.2b). 
These assumptions, while considerably simplifying the computation, do not intro-
duce appreciable error in the accuracy of the computed voltages and currents. 
The problem of defining an equivalent representation of the earth circuit can now 
be defined as that of determining a set of network elements connected between the 
n+2m+4m cable segments and remote earth such that the resulting network satisfies 
Equation B.1. 





is a symmetric matrix (Appendix I.A), matrix Y
LAP 
is also symmetric. The 
entry Y id , ij, of matrix YLAp equals the negative of the admittance of a network 
element connected between points i and j. (Note that point i is located on the 
outer surface of segment i and point j is located on the outer surface of segment 
j.) Thus this procedure, which is not unique, determines all equivalent circuit 
elements between any two points i and j, iOj. The equivalent circuit element 
connected between i and remote earth is defined as Y. and is determined as 
1 
n+2m+4 
Y. = 	Y.. . 
1 ij 
This procedure will yield the equivalent circuit representation of earth which is 
illustrated at the lower part of Figure B.3. 
B.2 EQUIVALENT CIRCUIT MODEL OF SUBSTATION, OVERHEAD LINE, AND CABLE 
a) 	Substation  
The substation is represented by its Thevenin equivalent network as in 
Figure B.3. The positive and zero sequence impedances at the substation 




 respectively. Substation neutral 
impedance is defined as Z
n
. Note that if there is a copper connection 
between the neutral and the ground mat, Z
n 
= O. 
In the above substation representation, it is assumed that the positive 
and negative sequence impedances are equal. 
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FIGURE B.3 EQUIVALENT CIRCUIT REPRESENTATION OF SUBSTATION, 









b) 	Overhead Line  
The overhead distribution line is represented with series resistance, 
series inductance and magnetic coupling between phase conductors, ground 
wires, and earth return currents. Thus the transmission line is charac-
terized with the following parameters: 
✓ : series resistance per unit length of phase conductor 
✓ : series resistance per unit length of ground wire 
g 
d: GMR of overhead phase conductor 
D : GMD between overhead phase and ground wire 
H : GMD between overhead wires and earth return currents. 
These parameters suffice to define voltage drop and induced voltages on 
the transmission line, using classical transmission line theory. 
B.3 EQUIVALENT CIRCUIT MODELS OF BURIED SEGMENTS 
There are two types of segments to be modeled: 
(1) Ground rod or grounding grid segments 
(2) Cable segments. 
The models of the above segments are different and are described below. 
a) Ground Rod or Grounding Grid Segment  
Figure B.2 represents a ground rod or grounding grid segment. It is 
assumed to be that it is a cylindrical homogeneous conductor. (In 
reality it may be copperweld, stranded, or combination conductor.) The 
equivalent circuit of this segment is as in Figure B.4. 
In Figure B.4, R. is the longitudinal resistance of the conductor segment 
i. The effect of radial resistance may be neglected. 
b) Cable Segments  
A cable segment is shown in Figure B.5. The cable may or may not have a 
jacket. The equivalent circuit representation of cable segment is ob-
tained based on the following assumptions: 
(1) The voltage on a cross section of the conductor or the shield is 
constant as indicated in Figure B.5. 
(2) Current I. flows into earth from the middle point of the jacket (or 
in the absence of jacket from the middle point of the shield) as 




"as well as the earth 
return currents induce voltages on the conductor and shield which 
can be described by the following approximate relationships 
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R i /2 	node i Ri/2 
node il c--•"\AA/-0-1\AN---0 node i 2 
Figure B.4 Equivalent circuit of ground rod or grounding grid segment. 
jacket 
'/// ///// /// / / ///i 	shield 
Vci insulator 
conductor 
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is a geometric mean distance between the earth return 
currents and the cable conductor 
d
c 
is the GMR of the cable conductor 
c t is the GMR of the shield (average radius) 
is the length of the section under consideration 
(4) Capacitive effects are neglected. 
These assumptions result in the equivalent circuit of Figure B.6. Note that the 
coupling effects are represented with current dependent voltage sources. 
B.4 NETWORK ANALYSIS 
The individual equivalent circuit representation of the system components, if put 
together, result in the equivalent system network representation of Figure B.3. A 
modified nodal analysis technique is applied to solve for voltages and current 
anywhere in the circuit. This network analysis method is suited to the problem 
because of the presence of mutual coupling. 
B.5 MODIFIED NODAL ANALYSIS 
Standard nodal analysis cannot handle voltage sources as well as dependent voltage 
sources and inductive coupling. In the present case, inductive coupling is 
present and modeled by current dependent voltage sources. In order to modify 
standard nodal analysis to this application, the current through each voltage 
source is introduced as an independent variable. The nodal equations are then 
expressed in terms of node voltages and the current through the voltage sources. 
For branches containing voltage sources on additional equation is written re 
lating node voltages and current at that voltage source. These equations, 
employing compact matrix notations, are given below. 
It should be noted that this network problem could be solved using loop analysis 
methods. 	However, the modified nodal analysis approach retains certain 
advantages characteristic of the nodal analysis method. That is, it employs the 
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1 	1 
V. - r.. 	1 
J 1  
r.. 
V . = -1. 	i = 1,2,...,n 	 (B-2) 
J 1 
admittance matrix. This matrix is sparse and thus enables use of sparcity tech-
niques. Due to the dimensionality of the network problem at hand, this property 
is crucial to obtaining a solution. 
B.6 NODE EQUATIONS 
a) Node i, Figure B.6  
b) Note i, Figure B.4.  
— 
 
1 ‘, 	2 
V. - — V. =-I i 
R. 	1 R. 	1 
1 1 2 
c) Node ni, Figure B.6. 
i = n+1,...,n+2m+4 (B-3) 
( 1 + 2y )V - -
1
- V. -yV -y V+ =0 
	
r.. 	ni ni 	r.. 1 	ni ni 	ni ni 
JI 33. 
d) Node ni- (or ni -), Figure B.6.  
(Yni+Yn(i+1) )Vni -YniVni 	Yn(i+1) Vn(i+1) 
- a2i l ci + a2(i+1) 1 c(i4.1) = 0 
where 





Yni 	r .+2x  
ni 	nci 
Note that if I ci = I c(i+1) (which is the usual case) and a2i = a2(i1.1) , 
the above equation reduces to 
4V ni 	2V n i - 2V . 	= 0 ni ni 	n(1+1) 
e) Node ci + (or ci), Figure B.6.  
Note: Node ci is eliminated. Then the node equation for node ci +  reads: 













Figure B.6 Equivalent Circuit of a Cable Segment 
Explanation of Symbols 
rci 	longitudinal resistance of cable conductor 
rni 	longitudinal resistance of metallic shield 
Q 	length of the segment 
w 	angular power frequency (377 sec -1 ) 
permeability of free space 
De 	geometric mean distance between earth return currents and the 
cable conductor 
GMR of the shield (average radius) 
rji 	radial resistance of the jacket (if cable is not jacketed, 
  rli = 0) 
x nci I ni 	 ec+i 	xnci I ni 
eni= xnci Ici 	 eni = xnci I ci 
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1(1 	n(i+1) 	bl(i+1) In(i+1) = 
(B-6) 
1  








x . - 	Zn 
el 41- 
R is the length of segment i 
In addition, one equation for each branch containing a voltage source may 
be written as follows: 
f) Branch ni to ni, Figure B.6. 
r . 
V-ni - V 
n1  . - ( 2









 . = 0 
g) Branch ni to ni + , Figure B.6. 
r . 
ni 
Vni 	Vn1 	2 	+ x ncl .)1n1 
+
. + x ncl  .1  cl  . = 0 









c(i-1) 	ci 	ci 	el) ci 	n ci ni 	nci ni 




i, i = 1,2,...,n+2m+4 as previously (equation (B.1)) 
. 	. 








Vector1=[1.], i = 1,2,...,n+2m+4 as previously (equation (B.1)) 
Vector I' is the vector of currents on the branches (ni to ni), (ni 
.+ 	 .+ 
to n1 ), and (ci to cl ) 
With the above defined vectors, equations (B.2) through (B.9) can be 
written in the following concise matrix form: 
Y 	A' 	0 	V -I 
C' 	D' 	 VI 	
= 
] 0 





In addition to the above equation, equation (B.1) relates the voltages V 
to the currents I and it is cited again: 





YLAP V = I 
The problem has thus been reduced in manipulating equations (B.1) and 
(B.10) in order to obtain the solution for the currents I. 
Certain properties of these equations are noteworthy. 	In equation 
[ 
(B.10), submatrix Y' 
D l 
 is the usual admittance matrix, if the depen- 
C A'
dent voltage sources in the.equivalent circuit are neglected. Secondly, 
if it is desired to represent loads supplied by taps along the cable, 
these loads can be inserted between appropriate nodes. Each load will 
change only four entries of the admittance matrix. Finally, externally 
imposed constraints on the source can be accommodated by modifying equa-
tions (B.10). These modifications are discussed in the next paragraph. 
The simultaneous solution of the modified equation (B.10) and (B.1) will 
yield the solution for the currents. 
B.7 SUPPLY SYSTEM MODEL 
To illustrate the modification of equations (B.10) because of the externally 
imposed constraints (supply system), consider the supply system of Figure B.7. If 
the load on the overhead line is to be neglected, and nodes g and s are defined, 
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Vn + I ci   
where: 
resistance of overhead ground wire (Q/m) 
g 
rp 
resistance of overhead phase wire (Q/m) 
ko 
length of overhead line (m) 
d GMR of ground wire 
g 
d GMR of phase wire 
B-14 
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FIGURE B.7 SUPPLY SYSTEM FOR THE UR D CABLE 




current limiting impedance 
D neutral and phase conductor spacing 
Certain comments are pertinent to equations B.11 through B.13. Note that equation 
B.13 is the modified node equation for node g if the three phase equivalent 
voltage source of the substation is considered to be open circuited. Also note 
that equation B.12 is branch equation for branch (s-c1). Therefore, equations 
B.12 and B.13 will be included in equations B.10, if the procedure of the previous 
paragraph is followed and the three phase voltage source at the substation is 
replaced with an open circuit. To account for the voltage source, however, the 
node equation for node S is replaced with equation B.11. 
From the previous discussion the steps for forming the network equations are: 
Step 1: Consider the equivalent circuit representation of the substa-
tion, overhead line, and cable. (In Figure B.3 everything except the 
earth equivalent circuit.) 
Step 2: Replace the three phase voltage source at the substation with an 
open circuit. 
Step 3: Write the modified nodal equations for resulting network. The 
result will be equations B.10. 











the modified nodal equation for node S with 
equations will be: 
(B.14) 
equation 
A 01 Y 
C 	D 	E 




is a vector whose entries are all zero except the entry correspond- 
ing to node s. This entry equals 1.0. E s is the source voltage. 
The simultaneous solution of Equation B.1 and B.14 will yield the currents I. 
B.8 SOLUTION FOR CURRENTS I 
The matrix equation (B.14) can be written as: 
YV + AV' = -I 





GV' + 	= 0 




Substituted into (B.16), we obtain 
CV + DV' - EH 1 GV I = e E 
S S 
The above equation may be solved for V' 
V' = (D-EH - 1 G)
-1 





s s (B.19) 
Substitute V' from B.19 and V from B.1 into equation (B.15) to obtain 
(Y - A(D-EH-10 -1 C)Z 	+ I id  I = -A(D-EH-10 -l e E LAP 	 s s 
where ' id is the (n+2m+4) x (n+2m+4) identity matrix. And, finally, 
I = - I










e sE s 	
(B.20) 
The above equation yields the currents flowing into earth from the segmented URD 
cable system. Back substitution into equation (B.1) will yield the voltages V: 
V = Z 	I 
LAP • 
In addition, the voltages V' and the currents I' may be obtained with a back 
substitution in Equations (B.19) and (B.18). 
Appendix I.0 
COMPUTATION OF THE AT-FAULT VOLTAGE 
The procedure for the computation of the at-fault voltage is outlined. 	This 
computation is made on the basis of the reduced equivalent circuit of Figure C.1, 
consisting of a substation feeding the URD cable through a certain length of 
overhead line. In the analysis to follow, load currents are neglected. A fault 
(phase to neutral) is assumed to exist at a certain length from the supply end of 
the cable, if . 
If the impedance of the substation grounding system is Z , the equivalent earth 
gg 
impedance between substation ground and fault cable (at the fault is Z
gc
, and the 
equivalent impedance to remote earth of the cable (reduced at the fault) is Z nn , 
then the circuit representation of the system can be constructed as in Figure C.1. 
In Figure C.1, Z 1 is the positive sequence impedance of the substation, Z 0 is the 
zero sequence impedance of the substation, and Z n a current limiting impedance 
inserted between secondary neutral and grounding mat. The point of departure for 
the computation of the at-fault voltage is the Kirchoff voltage law around loops 1 
and 2. (Loops 1 and 2 are defined as follows: Loop 1: overhead feeder phase 
conductor-cable conductor-fault-cable shield-overhead feeder ground wire-substa-
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where 
Z 1 : positive sequence impedance at substation secondary 











	  REMOTE 
17.04 , EARTH 
I
P 
FIGURE C.1 EQUIVALENT CIRCUIT REPRESENTATION OF URD CABLE SYSTEM FOR AT FAULT 
VOLTAGE COMPUTATION PURPOSES 
Z
n
: a current limiting impedance connected between substation 
transformer secondary neutral and substation ground mat. 
k
o
: length of overhead feeder line 
k f : position of fault on cable from feeding point 
r : resistance per unit length of overhead line phase conductor 
r
c
: resistance per unit length of cable conductor 
r
s
: resistance per unit length of cable shield 
r : resistance per unit length of overhead line ground wire 
d : GMR of overhead line phase conductor 
d GMR of overhead line ground wire 
g 
D : GMD between phase conductor and ground wire of overhead line 
c k : average radius of cable shield 
d
c
: GMR of cable conductor 
H : GMD between overhead wires and earth return current. 	It is 
recommended to use twice the average height of the overhead line. 
De : GMR of the earth return current. 	The value De 
= 1 yard is 
suggested. 
and 
a : .000001256f or .00466f, f frequency in Hz. The first value is to be 
employed if the metric system of units is used. The second value is 
to be employed if the English units are used. 
It should be noted that it is very difficult to accurately compute the quantities 
H and D
e
. Such a computation would require determination of current flow distri- 
bution inside earth and their interaction with the magnetic field resulting from 
all currents. Fortunately, however, the effects of the geometric mean distances H 
and D
e 
are not significant. Figure C.2 illustrates the dependence of the at-fault 
voltage on the GMR of the earth return currents. For a wide variation of D e
, the 
at-fault voltage variation is practically negligible. For this reason, the recom-
mended values for the parameters H and D e can be used safely. 
In order to cast the equations in compact form, let 
2Z 1 +Z0  
d
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Then 
E = aI + bI 
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The at-fault voltage VF is: 
V
F 
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ABSTRACT 
A method for computing shield potentials of underground residential distribution 
(URD) cable shield potentials is presented. Earth potentials in the vicinity of 
the buried cable are also computed. The method utilizes a numerical solution of 
Laplace's equation to account for earth currents, and a modified nodal analysis 
method to account for conductor and shield currents as well as inductive coupling 
in the underground cable system. A computer program has been developed capable of 
analyzing long lengths of URD cable together with existing ground rods, faults, 
open neutrals, feeding substation, and substation grounds. The system analyzed 
corresponds to practical URD cable distribution systems. Extensive simulation of 
various URD cable systems in various soil environments has been performed and the 
results tabulated. The simulation program employed and the applicable theory is 
documented in Volume 1 of this report. In Volume 2 of the report, the simulation 
results are documented in handbook form. From these graphs and tables, "touch and 
step" potentials on the earth surface can be determined for various cable types, 




This final report is a follow-on to RP797-1, which described a general computer 
program to calculate "touch and step" potentials of faulted underground residen-
tial distribution (URD) cables. The computer program, entitled BCAB, permits the 
simulation of URD cable faults for a wide variety of cables, soils, and excitation 
parameters. Although the BCAB program is a very valuable analytic tool, it re-
quires approximately 30 complex input parameters for each case studied. RP797-2 
extends the usefulness of the BCAB program by expanding the program and by com-
puter simulation. It also resulted in a handbook of curves and graphs from which 
"touch and step" potentials may be determined for a wide variety of faulted URD 
cable conditions. 
PROJECT OBJECTIVE 
The purpose of this project was to modify the BCAB program and use the computer to 
develop appropriate curves and charts that define the fault behavior of URD cables 
for a wide class of cables, impedances, and soil conductivity values. 
PROJECT RESULTS 
The results of this project are presented in two volumes. Volume 1 describes in 
detail the expanded simulation program used to generate the handbook data. The 
expanded program can be employed for special problems not covered by the handbook. 
Volume 2 is an engineer's handbook from which "touch and step" potentials may be 
determined, using curves and graphs, for a wide variety of URD cable fault condi-
tions. 
T. J. Kendrew, Project Manager 
Electrical Systems Division 
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This volume is a handbook of computer generated data for the estimation of step 
and touch potentials in the vicinity of faulted URD cables. The handbook is 
intended to be essentially self-contained. However, the theory and general ap-
proach to computation of these data is contained in Volume I of this report, and 
the user may find reference to that volume useful in dealing , with specific unusual 
situations. 
The volume is organized into three parts. The introduction provides a summary 
description of data, the model upon which it is based and the general approach 
to utilization of the data,. Section 2 provides a detailed users guide outlining 
the preliminary data and calculation required, data entry procedures, etc. 
Detailed examples are given. The data themselves are contained in Appendices 
II.A and II.B. 
1.2 DATA DESCRIPTION 
Appendices II.A and II.B include data from which the touch and step potentials in 
the vicinity of the faulted underground cable can be computed. Voltages are 
normalized to the at-fault voltage (the voltage elevation of the cable shield at 
the fault). Thus, in order to utilize the data of the present handbook, the at-
fault voltage for the system under study must be computed. Then an appropriate 
entry to the handbook will allow the computation of actual touch and step poten-
tials expected for the system. 
Certain simplifications and approximations are involved in the above procedure. 
These approximations are necessary in order to extend the generality of the 
computer results. Otherwise, because of the multiplicity of the parameters in-
volved, it would be impossible to tabulate results in manageable volume. On the 
other hand, the approximation involved in separating the computation of the at-
fault voltage and the computation of the normalized touch and step potentials can 
be justified on the following basis. 
(a) Touch and step voltages are very nearly proportional to the 
at-fault voltage (or cable shield voltage) 
(b) At-fault voltage is largely dependent on electrical circuit para-
meters and soil parameters. 
(c) The soil parameters may be reduced to equivalent circuit parameters 
which, together with the electrical parameters of the system under 
study, enable computation of at-fault voltage. 
(d) The equivalent earth circuit (soil) parameters given as data in the 
appendices are strongly dependent on only four parameters--cable 
type, non concentric neutral/semiconducting or insulated, cable 
grounding, soil resistivities and fault location. 
The implications of the above with regard to data formats and data utilization can 
be assessed with reference to Figure 1.1 which shows a typical data page from 
Appendix II.A and Figure 1.2 which shows a simplified equivalent circuit. The 
data format on Figure 1.1 shows touch and step potentials at three locations along 
the cable, normalized to at-fault voltage. Also given are equivalent earth 
impedance from the point of fault. These impedance values correspond, for the 
particular situation represented by the plot, to the impedances on Figure 1.2. By 
knowing the source voltage and the electrical impedances of the feeder circuit and 
cable, the absolute value of the at-fault voltage can be readily calculated using 
an equation described subsequently. With the at-fault voltage determined, the 
absolute values of step and touch potentials can be obtained by multiplying the 
normalized value from the plot by the at-fault voltage. Thus, the data on Figure 
1.1 are employed twice, once to determine equivalent earth impedances to compute 
at-fault voltage and once to determine step and touch potentials. 
The fact that the at-fault voltage and the step and touch potential determinations 
are separated enables application of the data to a wide range of feeder configura-
tions and cable designs. For example, the data of Figure 1.1 is applicable to the 
class of cables with either bare neutral or semiconducting jacket buried in soil 
of uniform conductivity of .01 23/m with grounds rods at approximately 300 foot 
intervals. Differences in cable parameters such as extent of neutral (full, half, 
etc.) conductor size, etc., are reflected in the at-fault voltage calculation. 
It should be noted that the step and touch potentials at point x along the cable 
given in the data are defined as follows: 
Touch potentials: potential difference between the cable neutral at 
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FIGURE 1.2 	EQUIVALENT EARTH CIRCUIT FOR AT FAULT VOLTAGE COMPUTATION 
Step potentials: maximum potential difference between any two points on 
the earth surface in the region of point x separated by three feet. A 
line orthogonal to the cable passing through x and extending + 6 feet is 
taken as the reference. Potentials at all points three feet distant from 
points in this line are calculated and the maximum potential difference 
is determined. 
The above definition of step potential is motivated by the fact that the maximum 
step potential is not necessarily in a direction either normal to or along the 
cable and may not be with reference to a point immediately above the point x on the 
cable. 
1.3 SYSTEM DESCRIPTION 
The system model which has been used in deriving the data for this handbook is 
depicted in Figure 1.3. A section of buried cable is supplied by an overhead 
feeder from a substation. A simple substation grounding system is represented. A 
two layer earth model is employed. The cable is grounded through regularly spaced 
ground rods. Results are provided for three fault locations along the cable. 
A thorough discussion of the effects of the various parameters of the model on the 
computed results is provided in Volume I and this report. This discussion indi-
cates the limitations and flexibility of the model. The following sections which 
define handbook utilization procedures and give illustrative examples will indi-
cate the procedures for adapting the model and the data to specific situations. 
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FIGURE 1.3 URD CABLE SYSTEM 
SECTION 11.2 
HANDBOOK UTILIZATION PROCEDURES 
2.1 DATA IDENTIFICATION 
As outlined in the previous section, the handbook data is used to determine 
equivalent earth impedances for the at-fault voltage calculation and to determine 
step and touch potentials. It is, of course, necessary to first identify the 
applicable data. This will require identifying specific parameters of the system 
under study and then entering the handbook data to define the applicable figure. 
The major subdivision of data has to do with the cable type. Insulating jacket 
cable data appears in Appendix II.A. Data for semi-conducting jacket and bare 
concentric neutral cable is given in Appendix II.B. Cable burial depth is a 
second subdivision of the data. Data for four burial depths is provided. The 
user should select the depth closest to that utilized for this cable. 
Application of ground rods is another data classification. For bare/semi-con-
ducting cable, data is provided for ground rods equally spaced along the cable and 
for the case of no ground rods. For insulating jacket cable, data is provided for 
no ground rods and for equally spaced ground rods of two different lengths, eight 
feet and sixteen feet. 
For each of the situations outlined above, data is provided for a range of soil 
conductivities, both for uniform and two layer soils. The range of data provided 
is expected to span actual conductivities encountered in practice. However, 
specific measured values for a given system may not be represented and the closest 
applicable data should be selected. For each soil condition, data is provided for 
each of three fault locations, near either end of the cable section and near the 
center. 
Table 2.1 summarizes the data utilization procedure by defining specific steps to 
be followed. Subsequent paragraphs define these steps explicitly. 
2.2 REQUIRED USER SUPPLIED PARAMETERS 
The user must define the parameters of the system to be studied. 	For this 
purpose, steps 1 through 6 of Table 2.1 should be followed. With the exception of 
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Table 2.1 
HANDBOOK UTILIZATION PROCEDURE 
Step 1: Identify supply substation, feeder and URD cable to be studied. 
Step 2: Obtain an estimate of soil parameters 
O - 3' earth conductivity, G 2 
3' - o=, earth conductivity, a 1  
Step 3: Define substation parameters 
Rs : substation ground resistance 
Z 1 : positive and negative sequence impedance 
Zo : zero-sequence impedance 
E: 	supply voltage 
Zn
: neutral grounding impedance 
Step 4: Define feeder parameters: 
r : phase conductor resistance per mile 
d : phase conductor GMR 
r : ground wire resistance per mile 
d : ground wire GMR 
g 
D: 	GMC between phase conductor and ground wire 
h: 	average height 
Zo : feeder length 
Step 5: Define cable parameters: 
r
c
: conductor resistance per mile 
r
s
: shield resistance per mile 
d
c
: conductor GMR 
c z : shield average radius 
a.,t: conductivity and thickness of jacket 
d
b
: burial depth 
Z: cable length 
Step 6: Define fault location Zf , and total length of ground rods, Z . 
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Table 2.1 (continued) 
Step 7: Identify the applicable figure from the appendices and estimate 
approximate earth equivalent circuit for at-fault voltage  
Step 8: Compute the at-fault voltage. This step involves the utiliza-
tion of an explicit formula. 
Step 9: Use computer results to compute touch and step potentials. 
soil conductivities and fault location, all other parameters can be obtained from 
tables and standard substation data. For the estimation of soil conductivities 
(or resistivities), the procedures outlined in IEEE Std. 81-1962, "IEEE Recom-
mended Guide for Measuring Ground Resistance and Potential. Gradients in the 
Earth", are applicable. Finally, the location of the fault is to be decided by 
the user. Steps 1-6 will result in data common to all subsequent application. At 
this point all necessary information for entry to the data is known. Certain 
preliminary computations are required before the tabulated results of this report 
can be directly utilized. These computations are described in the next section. 
2.3 PRELIMINARY CALCULATIONS 
The tabulated touch and step potentials in this report are normalized with the 
at-fault voltage. Thus in order to utilize the table one needs to compute the 
at-fault voltage for the case under consideration. In Volume I of this report, 
the determinant parameters of the at-fault voltage were discussed qualitatively. 
In this section a step-by-step procedure is described for the computation of the 
at-fault voltage. 
There are two steps in the determination of the at-fault voltage. The first step 
involves the determination of an equivalent circuit representation for the pre-
sence of the earth. The data of this handbook can be directly utilized for this 
purpose. In the second step, the at-fault voltage is computed with the aid of an 
explicit formula. 
2.4 EQUIVALENT NETWORK REPRESENTATION OF EARTH 
The presence of the earth is modeled as an equivalent circuit with three equiva-
lent resistances as in Figure 1.2: 
- An equivalent resistance from the faulted cable to remote earth, 
cc 
- An equivalent resistance from the substation grounding system to 
remote earth, Z 
gg
, and 
- An equivalent transfer resistance between the substation grounding 
system and the faulted cable, Z
gc
. 
The equivalent resistance from the substation ground system to remote earth, Z 
gg 
can be computed with procedures described in IEEE Std-80. The other two equiva-
lent resistances Z
gc




- Select the appropriate figure for the case under consideration. 
- Read values ZGC and ZCC from the figure and compute total length of 
ground rods 
GG. 













are expressed in meters o1 2., G' k GG 
or 
Z
gc = ZGC (R 0 /656 ft) 
Zcc = ZCC (2998 ft + k
GG
)/(i+k G ) 
where 
k o , k, k G , Z GG are expressed in feet 
	
o
: 	length of overhead feeder 
length of underground cable 
12, G : 




: total length of ground rods for the case of the 
selected figure. 
2.5 COMPUTATION OF AT-FAULT VOLTAGE 
At-fault voltage depends on the external system, feeding substation voltage and 
sequence impedances as well as earth conductivity. For the purpose of the 
at-fault voltage computation, the earth is modeled as lumped resistances. The 
value of these resistances is dependent on earth resistivity. It should be 
emphasized that earth is a distributed resistance, and its representation as 
lumped resistances is only an approximation. In the preceding section the user is 
guided in selecting appropriate values for these lumped resistances if the earth 
resistivity is known. 












 a(d'+R f )+b(c'+R f ) 




, Zgg have 
been defined in the previous section. The resistance R
f 
is defined in terms of 
these parameters by 
Zgc (Zgs+Zcc ) - 
R f 	Z+Z+Z gg gc cc (2. 2) 
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in (:1 ) + jai f in (-) 
where 
Z 1 : positive sequence impedance at substation secondary 
Z0 : zero sequence impedance at substation secondary 
Zn : a current limiting impedance connected between substation trans- 
former secondary neutral and substation ground mat. 
o : length of overhead feeder line 
i f : position of fault on cable from feeding point 
resistance per unit length of overhead line phase conductor 
r
c
: resistance per unit length of cable conductor 
r
s
: resistance per unit length of cable shield 
r 	resistance per unit length of overhead line ground wire 
d : GMR of overhead line phase conductor 
p 
d g : GMR of overhead line ground wire 
D : GMD between phase conductor and ground wire of overhead line 
(2-1) 
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c z : average radius of cable shield 
d
c 	
GMR of cable conductor 
H : GMD between overhead wires and earth return current. It is 
recommended to use twice the average height of the overhead line. 
De : GMR of the earth return current. The value De = 1 yard is sug- 
gested. 
and 
a: .000001256f or .00466f, f frequency in Hz. The first value is to be 
employed if the metric system of units is used. The second value is to 
be employed if the English units are used. Table 2.2 is a guide for 
correct usage of units. 
2.6 HANDBOOK ENTRY PROCEDURE AND COMPUTATION OF ACTUAL TOUCH AND STEP POTENTIALS 
The cable jacket type will determine the family of curves to be used. 
- If jacket is insulating, Appendix II.A is to be entered. 
- If cable is bare of jacketed with semiconducting material, Appendix 
II.B is to be entered. 
Next use the specified values for nominal burial depth, nominal earth resistivity, 
fault location and length of ground rods to isolate curves of step and touch 
potential at the vicinity of the cable. 
Variable 	 Metric System 	 English System 
a 	 .000001256f 	 .00466f 
f 
Hertz 	 Hertz 
Z
1 	









ohms 	 ohms 
9, 0 	 meter 	 mile 
12 f 	 meter 	
mile 
✓ ohm/meter 	 ohm/mile 
P 




ohm/meter 	 ohm/mile 
✓ ohm/meter 	 ohm/mile 
g 
d meter 	 foot 
P 
d meter 	 foot 
g 
D 	 meter 	 foot 
c2, 	
meter 	 foot 
d
c 
meter 	 foot 
H 	 meter 	 foot 
D
e 	
meter 	 foot 
Table 2.2. 
GUIDE TO CORRECT USE OF UNITS 
These curves are normalized to at-fault voltage. Multiply the normalized voltage 
axis by the computed at-fault voltage to obtain the touch and step potential in 
actual volts for your system. 
The tabular work sheet in Table 2.3, is intended to provide a concise and syste- 
matic format for collecting the data to calculate at-fault voltage. Note that 
inductive parametersX,X,X,Xcan be calculated as indicated or deter- 
PP 	gg 	cc 
mined from tables. 	Table 2.4 provides a work sheet for actually performing the 
calculation. In this table, the first row defines the parameters and the numer-
ical values are to be entered in the second row. The plus and minus signs in the 
subsequent rows define the combinations of parameter values to compute parameter 
a,b,c',d'. A blank entry indicates that the corresponding parameter does not 
enter the calculation. 
It is again emphasized that the calculation of at-fault voltage involves two types 
of parameters, earth parameters and external circuit parameters. For a given 
cable type, burial depth, soil parameters, ground rod configuration and fault 
location, the earth parameters are determined from the handbook data and are 
fixed. The external circuit parameters are independently specified, and the same 
earth circuit parameters are applicable for a range of connected circuits. The 
examples included at the end of this section will help to clarify this point. 
Special Case: Corroded or Lack of System Neutral  
The computer generated data of this handbook may be used to compute 
touch and step voltages near URD faulted cable systems whose neutral has been cor-
roded or the feeder lacks ground wire. The major characteristic of these cases is 
that all the fault current returns through the earth. This case can be approxi-
mated with the model of this report if it is assumed that the series resistance of 
the feeder ground wiring is a very large number, for example 100052 . All other 
computations and utilization of data should follow the procedure described in 
this manual. 
2.7 EXAMPLES 
Several example problems are described in detail in order to define explicitly the 
handbook utilization procedures. 
Case A: Bare Neutral Without Ground Rods  
A 2,625 foot long, 15 KV, 4/0, concentric neutral bare cable is connected to a 
substation 1,312 feet away. Assume there are no ground rods along the cable. 
Compute the maximum touch and step voltages in the event of a short circuit 
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Table 2.3. 
DATA COLLECTION WORK SHEET 
A. 	Substation Parameters 
Rs
: 	ground resistance 
Z: 	positive sequence impedance 
gg 
Zo : 	zero sequence impedance 
E : 	supply voltage (phase to neutral, rms) 
Z
n


















Feeder Circuit Parameters  
feeder length 
phase conductor resistance 
phase conductor GMR 
conductor component of inductive reactance 
(.00466f log iodp ) 
ground wire resistance 
ground wire GMR 
conductor component of inductive reactance 
(.00466f log 10 dg ) 
GMD between phase conductor and ground wire 
average conductor height 
C. 	Cable Parameters  








	conductor component of inductive reactance 
(.00466f log iod c ) 
r
s
: 	shield resistance 
c : 	average shield radius 
1  
X 	 g : reactance of shield (.00466f lo 10 c 1 
c : 	cable length 
jacket conductivity 
t : 	jacket thickness 
ZG: 	total length of ground rods 
fault location 
db : 	burial depth 
D. Soil Parameters  
° 2 : 
	soil conductivity 0 -3' deep 
Gl: 
	soil conductivity 3' -infinity 
E. Equivalent Earth Circuit Parameters  
(from Handbook) 
ZGC: 	equivalent resistance between cable shield 
and substation ground 
ZCC: 	equivalent resistance between cable shield 
and remote earth 
GC
: 	total length of ground rods 
Corrected Values 
Zgc = .00152 2 o ZGC 
2944+Z
GG  
Z 	- 	 ZCC cc 
 
between conductor and shield 1500 feet away from the source end of the cable. The 
burial depth is 42 inches and the soil has uniform conductivity .01 mhos/meter. 
Solution: The first step is to collect data for the system as described in 
sections A, B, C, and D in the following data collection work sheet. Note that 
Sections A, B, C, and D are electrical circuit parameters available as normal 
system data. The values used for the example system are shown on the data sheets. 
The entries into Section D require identification of the proper figure in the 
Appendices. Identify the proper figure by noting that the neutral is bare, there 
are no ground rods, burial depth is 42 inches, and soil conductivity is uniform at 
p=.01 ohm/meter. Using the table of figures for Appendix B.1, these data define 
the appropriate curve as being in the group B.106-B.126. Then using the fact that 
the fault is near the cable center and soil has uniform conductivity yields 
finally Figure B.118. 
Next the quantities a, b, c', and d' are computed, using data from Figure B.118, 
as entered in Section E of the work sheet (corrected for length variations). The 
computation work sheet of Table 2.4 can be employed for this calculation. 
Use these values in the equation 
Z Z 
cc gc 	 b+a+d'-c' 
V
F 









)+b(c'+R f ) 
to obtain 
VF 
= 35.35-j460.47 volts 
Or 	V
F 
= 580 volts 
Then, from Figure B.118 the maximum touch and step voltages are: 
VT max 
	= (0.70)(580) = 406 volts 
= (0.10)(580) = 58 volts 
VST max 
DATA COLLECTION WORK SHEET FOR CASE A 
A. 	Substation Parameters 
R
s
: 	ground resistance 	 2.3 ohms 
Z: 	positive sequence impedance 	 .21+j1.48 ohms 
gg 
Zo : 	zero sequence impedance 	 .18+j1.42 ohms 
E : 	supply voltage (phase to neutral, rms) 	 8660 volts 
Z
n
: 	neutral grounding impedance 	 0 
B. 	Feeder Circuit Parameters (4/0, ACSR phase, 2/0 ASCR ground wire) 
k o : 	feeder length 	
1312 feet 
r : 	phase conductor resistance 	 .592 ohms/mile 
P 
d : 	phase conductor GMR 	 .00814 feet 
P 
X: 	conductor component of inductive 
PP 
reactance (.00466f log 10 dp ) 	 .581 ohms/mile 
r : 	ground wire resistance .895 ohms/mile 
g 
d : 	ground wire GMR 	 .0051 feet 
g 
X: 	conductor component of inductive 
gg 
reactance (.00466f log 10 dg ) 	 .641 ohms/mile 
D : 	GMD between phase conductor and ground 
wire 	 4.5 feet 
h : 	average conductor height 	 44 feet 
C. 	Cable Parameters (4/0 single conductor, concentric strand, 15 KV) 
✓ : 	conductor resistance 	 .31 ohms/mile 
d
c
: 	conductor GMR 	 .01666 feet 
2-13 
X: 	conductor component of inductive cc 
reactance (.00466f log10 dc) 
r : 	shield resistance 
s 
c z : 	average shield radius 





: 	cable length 
G j : 	jacket conductivity 
t : 	jacket thickness 
2 G : 	total length of ground rods 
2 f : 	fault location 











D. Soil Parameters 
0 2 : 
2 






3' - infinity 	 .01 mhos/meter 
E. Equivalent Earth Circuit Parameters  
(from Handbook, Figure B.118) 
ZGC: 	equivalent resistance between cable 
shield and substation ground 
ZCC: 	equivalent resistance between cable 
shield and remote earth 
iGG: 	




= .00152 52 o ZGC = 46 Q 
2994+t GG  
Zcc- 	
Z cc = .637Q 











t or p tor g 
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PREL1M11:ARY CM?UTATTON W061( SHEET 
(CASE A) 
x * (2) 	.00466 f logio(2) 
V
F 
- 	  
Zcc+Zgc
+Z
gg • a(d')+R )+b(c'+R f ) 
Z Z cc gc b+a+d'-c' 
. E 
Case B: Bare Neutral With Ground Rods  
A 2,625 foot long, 15 KV, 4/0, concentric neutral bare cable connected to a 
substation 1,312 feet away. It is grounded with eight ground rods of length ten 
feet each and equally spaced along the cable. Compute the maximum touch and step 
voltages in the event of a phase to neutral fault in the conductor and overhead 
feeder near the source end of the cable. The burial depth is 42 inches and the 
soil has uniform conductivity .01 mhos/meter. 
Solution: Note that for all practical purposes the above fault will yield the 
same voltage profile as a fault on the cable near the source end. Thus, handbook 
data for a fault near the source end of the cable is applicable. The procedure for 
identifying the applicable figure is the same as in Case A except for the inclu-
sion of ground rods. The specifications lead to selection of Figure B.90. Then 
data are collected as in the following data collection work sheet, and the quanti-





= 182.5-j133.28 volts 
Or 
VF = 226 volts 
From Figure B.90 the maximum touch and step voltages are: 
VT max 
	= (0.50)(226) = 113 volts 
= (0.16)(226) = 36 volts VST max 
DATA COLLECTION WORK SHEET FOR CASE B 
A. 	Substation Parameters  
R
s
: 	ground resistance 	 2.3Q 
Z : 	positive sequence impedance 	 .21+j1.48Q 
gg 
Z 0 : 	zero sequence impedance 	 .18+j1.422 
E : 	supply voltage (phase to neutral, rms) 	 8660 volts 
Z
n
: 	neutral grounding impedance 	 0 
B. 	Feeder Circuit Parameters (4/0, ACSR phase, 2/0 ASCR ground wire) 
	
o : 	feeder length 
r : 	phase conductor resistance 
d : 	phase conductor GMR 
X: 	conductor component of inductive 
PP 
reactance (.00466f log 10 dp ) 
r : 	ground wire resistance 
d : 	ground wire GMR 
X: 	conductor component of inductive 
gg 
reactance (.00466f log 10 d g ) 
D : 	GMD between phase conductor and ground 
wire 










C. 	Cable Parameters (4/0 single conductor, concentric strand, 15 KV) 




conductor GMR 	 .01666 feet 
2-18 
X: 	conductor component of inductive cc 
reactance (.00466f log10 dc) 
r 	shield resistance 
cz : 	average shield radius 
xz : 	reactance of shield (.00466f log io )) 
k
c
: 	cable length 
o j : 	jacket conductivity 
t : 	jacket thickness 
total length of ground rods 
fault location 











D. Soil Parameters 
02: 	soil conductivity 	
0 - 3' deep 	 .01 mhos/meter 
al: 	
soil conductivity 	3' - to infinity 	 .01 mhos/meter 
E. Equivalent Earth Circuit Parameters  
(from Handbook, Figure B.90) 
ZGC: 	equivalent resistance between cable 
shield and substation ground 
ZCC: 	equivalent resistance between cable 
shield and remote earth 
kGG: 	
total length of ground rods 
Corrected Values 
Zgc = .00152 2, ZGC = 37.59 ohms o 
2994+9,
GG  






PREIT`ITNATY COMPUTATION WORE SHEET 
(CASE B) 
' 1 (,1 )i f 	jx(H)e o (22. 1
+Z
0





















x * (Z) = .00466 f log
10
(Z) 
Case C: Insulating Jacket Without Ground Rods  
A 2,625 foot long, 15 KV, 4/0, concentric neutral with insulating jacket cable is 
connected to a substation 1,312 feet away. Assume there are no ground rods along 
the cable. Compute the maximum touch and step voltages in the event of a short 
circuit between conductor and shield 1,500 feet away from the source end of the 
cable. The burial depth is 42 inches and the soil has uniform conductivity .01 
mhos/meter. 
Solution: 	Since the cable has insulating uniform jacket and no ground rods, 
Figure A.1 gives the applicable data. The computation of the at-fault voltage is 
similar to previous cases. System data are collected as described in Sections A, 
B, C, and D in the following data collection work sheet. Next, the quantities a, 
b, c', and d' are computed. 
Use equation 
Z Z 






gc+Zgg • a(d I )+Rf








= 3166 volts 
From Figure A.1 the maximum touch and step voltages are: 
VT max = (1.0)x(3166) = 3166 volts 
V 	==. 0.0 
ST max 
DATA COLLECTION WORK SHEET FOR CASE C 
A. Substation Parameters  
R
s
: 	ground resistance 	 2.3 ohms 
Z 
gg
: 	positive sequence impedance 	 .21+j1.48 ohms 
Z0 : 	zero sequence impedance 	 .18+j1.42 ohms 
E : 	supply voltage (phase to neutral, rms) 	 8660 volts 
Z
n
: 	neutral grounding impedance 	 0 
B. Feeder Circuit Parameters (4/0, ACSR phase, 2/0 ASCR ground wire) 
o 	feeder length 
✓ phase conductor resistance 
d : 	phase conductor GMR 
X: 	conductor component of inductive 
PP 
reactance (.00466f log 10 d p ) 
✓ : 	ground wire resistance 
d : 	ground wire GMR 
g 
X: 	conductor component of inductive 
gg 
reactance (.00466f log 10 d g ) 
D : 	GMD between phase conductor and ground wire 










C. 	Cable Parameters (4/0 single conductor, concentric strand, 15 KV) 
✓ : 	 conductor resistance 	 .31 ohms/mile 
d
c
: 	conductor GMR 	 .01666 feet 




x R : 
c
: 
a j : 
t : 
t f : 
d • 
b' 
reactance (.00466f log10 dc) 
shield resistance 
average shield radius (.00466f log10
(C 1 )) 
 



















D. Soil Parameters 
2: 	
soil conductivity 	0 - 3' deep 	 .01 mhos/meter 
a l : 	soil conductivity 	3' - infinity 	 .01 mhos/meter 
E. Equivalent Earth Circuit Parameters  
(from Handbook, Figure B.90) 
ZGC: 	equivalent resistance between cable 
shield and substation ground 
ZCC: 	equivalent resistance between cable 
shield and remote earth 
k
GG






ZGC = 1,000 S-2 
2994+9GG  
Z 	 ZCC = 100 Q cc 
c G 
a large number 
a large number 
0 
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.2+11.46 0 .1471 .2224 .0881 .6080 1.0454 1.1080 1.0379 j.1452 
1.1409 j.1593 
+ 4- + + 
+ + .4352+j1.6838 
b 
 + 
+ + .8304+j.2047 
+ + + 
c + .4352+j1.9195 
+ 
+ + 1.2356 
x * (7) 	.00466 f log10(Z) 
Case D: Insulating Jacket With Ground Rods  
A 2,625 foot long, 15 KV, 4/0, concentric neutral with insuLating jacket cable is 
connected to a substation 1,312 feet away. The cable is grounded with eight 14 
feet long ground rods, equally spaced. Compute the maximum touch and step vol-
tages in the event of a short circuit between conductor and shield near the source 
end of the cable. The burial depth is 30 inches and the soil has uniform 
conductivity .01 mhos/meter. 
Solution: The first step is to collect data for the system in Sections A, B, C, 
and D in the following data collection work sheet. Using ground rod, data, burial 
depth and soil conductivity leads to Figure A.20 as identifying fault parameters 
for a fault near the source end. Next, the quantities a, b, c', and d' are 
computed. 
Use equation: 
Z Z cc gc 	
b 	+a+d'-c' V = 	 . E 
F Z








= 839.6 volts 
From Figure A.20 the maximum touch and step voltages are: 
VTmax = (0.85)(839.6) = 713.66 volts 
=  vSTmax 	(.08)(839.6) = 67.2 volts 
DATA COLLECTION WORK SHEET FOR CASE D 
A. 	Substation Parameters  
R
s
: 	ground resistance 	 2.3 ohms 
Z gg: 	positive sequence impedance 	 .21+j1.48 ohms 
Z0 : 	zero sequence impedance 	 .18+j1.42 ohms 
E : 	supply voltage (phase to neutral, rms) 	 8660 volts 
Z
n
: 	neutral grounding impedance 	 0 
B. 	Feeder Circuit Parameters (4/0, ACSR phase, 2/0 ASCR ground wire) 
k o : 	
feeder length 
r : 	phase conductor resistance 
P 
d : 	phase conductor GMR 
P 
X: 	conductor component of inductive 
PP 
reactance (.00466f log 10 dp ) 
✓ : 	 ground wire resistance 
g 
dg : 	ground wire GMR 
X: 	conductor component of inductive 
gg 
reactance (.00466f log 10 d g ) 
D : 	GMD between phase conductor and ground wire 










C. 	Cable Parameters (4/0 single conductor, concentric strand, 15 KV) 




: 	conductor GMR 	 .01666 feet 
X 
cc
: 	conductor component of inductive 
2-26 
reactance (.00466f log 10 d c ) 	 .496 ohms/mile 
r : 	shield resistance 	 2.14 ohms/mile 
s 
ck : 	average shield radius 	 .0437 feet 
xz : 	reactance of shield (.00466f log10 (
1




: 	cable length 	 2625 feet 
a j : 	jacket conductivity 	 10
-10 
 mhos/meter 
t : 	jacket thickness 	 180 mils 
32 G : 	total length of ground rods 	 112 feet 
f' • 	fault location 0 
db : 	burial depth 	 30 inches 
D. Soil Parameters 
a 2 : 	soil conductivity 	0 - 3' deep 	
.01 mhos/meter 
a l : 	soil conductivity 	3' - infinity 	 .01 mhos/meter 
E. Equivalent Earth Circuit Parameters 
(from Handbook, Figure A.30) 
ZGC: 	equivalent resistance between cable 
shield and substation ground 
	
341.4 
ZCC: 	equivalent resistance between cable 












ZGC = 680 ohms 
Zcc 	k 
G G 
= ZCC = 4.096 ohms 
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+ - + + 1.0897 
x (Z) 	.00466 f 1og
10
(Z) 
Case E: Special Case of Absent Neutral  
A 2,625 foot long, 15 KV, 4/0, concentric neutral bare cable is connected to a 
substation 1,312 feet away with an overhead line. Assume the overhead line has no 
ground wire. The cable is grounded with eight ground rods of length ten feet each 
and euqlly spaced. Compute the maximum touch and step voltages in the event of a 
short circuit between conductor and shield near the source end of the cable. The 
burial depth is 42 inches and the soil has uniform conductivity .01 mhos/meter. 
Solution: The normalized touch and step potentials are illustrated in Figure B.90 
(same as for Case B). The at•fault voltage will be different due to the absence of 
a neutral return. The first step to compute the at-fault voltage is to colelct 
system data as in Sections A, B, C, and D in the following data collection work 
sheet. Note that the absence of ground wire is simulated by assuming r g  = 10,000 























= 1183.5 volts 
From Figure B.90 the maximum touch and step voltages are: 
VT max = (0.50)(1183.5) = 592 volts 
= VST max 	(0.16)(1183.5) = 189 volts 
DATA COLLECTION WORK SHEET FOR CASE E 
A. 	Substation Parameters 
Rs : 	ground resistance 	
2.3 ohms 
Z: 	positive sequence impedance 	 .21+j1.48 ohms 
gg 
Z0 : 	zero sequence Impedance 	 .18+j1.42 ohms 
E : 	supply voltage (phase to neutral, rms) 	 8660 volts 
Z n' 	neutral grounding impedance 
	 0 • 
B. 	Feeder Circuit Parameters (4/0, ACSR phase, 2/0 ASCR ground wire) 
R
0
: 	feeder length 	 1312 feet 
r : 	phase conductor resistance 	 .592 ohms/mile 
P 
d : 	phase conductor GMR 	 .00814 feet 
P 
X: 	conductor component of inductive 
PP 
reactance (.00466f log 10 dp ) 	 .581 ohms/mile 
r : 	ground wire resistance 	 10,000 ohms/mile 
g 
d : 	ground wire GMR 	 .0051 feet 
g 
X: 	conductor component of inductive 
gg 
reactance (.00466f log 10 dg ) 	 .641 ohms/mile 
D : 	GMD between phase conductor and ground wire 	 4.5 feet 
h : 	average conductor height 	 44 feet 
C. 	Cable Parameters (4/0 single conductor, concentric strand, 15 KV) 
	
: 	 conductor resistance 	 .31 ohms/mile 
d
c
: 	conductor GMR 	 .01666 feet 
X: 	conductor component of inductive cc 
2-30 
reactance (.00466f log 10 d c ) 	 .496 ohms/mile 
r
s
: 	shield resistance 	 2.14 ohms/mile 
c i : 	average shield radius 	 .0437 feet 








: 	cable length 	 2625 feet 
g j : 	jacket conductivity 	 .01 mhos/meter 
t : 	jacket thickness 	 180 mils 
i c : 	total length of ground rods 	 80 feet 
i f : 	fault location 	 0 
db: 	burial depth 	 42 inches 
D. Soil Parameters 
G2: 	soil conductivity 	0 - 3' deep 	
.01 mhos/meter 
al: 	
soil conductivity 	3' - infinity 	 .01 mhos/meter 
E. Equivalent Earth Circuit Parameters  
(from Handbook, Figure. B.90) 
ZGC: 	equivalent resistance between cable 
shield and substation ground 
ZCC: 	equivalent resistance between cable 
shield and remote earth 
2'GG: 	






ZGC = 37.59 ohms 
2994+i  
Z 	= 	 ZCC = .5042 ohms 
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x * (7.) 	.004€6 f log 10 (Z) 
Appendix II.A 
GRAPHICAL RESULTS FOR INSULATING JACKET CABLE 
This appendix contains all the computer generated data for underground faulted 
cables with insulating jacket. Figure A.1 shows touch and maximum step potentials 
for cables with insulating jacket and without ground rods. One curve suffices for 
all cases because the step potentials are negligible and the maximum touch 
potential equals approximately the at-fault voltage, for a wide variation of 
parameters. Figures A.2 through A.121 illustrate data for cables with insulating 
jacket and ground rods. Table A.1 summarizes the organization of the data for 
quick reference. Additional information, i.e. soil conductivity, fault location, 
etc., is given in individual figures. 
Table A.1 





Touch 	and Maximum 
Cable Without 
A.2 through A.16 
9 x 8 ft: 
30" 




1 2 Source End Center Remote End 
A.2 .99 .15 X 
A.3 .1 .1 X 
A.4 .02 .02 X 
A.5 .01 .01 X 
A.6 .01 .0011 X 
A.7 .99 .15 X 
A.8 .1 .1 X 
A.9 .02 .02 X 
A.10 .01 .01 X 
A.11 .01 .0011 X 
A.12 .99 .15 X 
A.13 .1 .1 X 
A.14 .02 .02 X 
A.15 .01 .01 X 









A.17 .99 .15 X 
A.18 .1 .1 X 
A.19 .02 .02 X 
A.20 .01 .01 X 
A.21 .01 .0011 X 
A.22 .99 ,15 X 
A.23 .1 .1 X 
A.24 .02 .02 X 
A.25 .01 .01 X 
A.26 .01 .0011 X 
A.27 .99 .15 X 
A.28 .1 .1 X 
A.29 .02 .02 X 
A.30 .01 .01 X 
A.31 .01 .0011 X 
Jacket 
A- 2 
Figures 	A.32 through A.46 
Ground Rods 	9 x 8 ft. 
Burial Depth 36" 
Fault 
1 2 Source End Center Remote End 
A.32 .99 .15 X 
A.33 .1 .1 X 
A.34 .02 .02 X 
A.35 .01 .01 X 
A.36 .01 .0011 X 
A.37 .99 .15 X 
A.38 .1 .1 X 
A.39 .02 .02 X 
A.40 .01 .01 X 
A.41 .01 .0011 X 
A.42 .99 .15 X 
A.43 .1 .1 X 
A.44 .02 .02 X 
A.45 .01 .01 X 









A.47 .99 .15 X 
A.48 .1 .1 X 
A.49 .02 .02 X 
A.50 .01 .01 X 
A.51 .01 .0011 X 
A.52 .99 .15 X 
A.53 .1 .1 X 
A.54 .02 .02 X 
A.55 .01 .01 X 
A.56 .01 .0011 X 
A.57 .99 .15 X 
A.58 .1 .1 X 
A.59 .02 .02 X 
A.60 .01 .01 X 
A.61 .01 .0011 X 
Figures 	A.62 through A.76 
Ground Rods 	9 x 8 ft. 
Burial Depth 42" 
Fault 
1 2 
Source End Center Remote End 
A.62 .99 .15 X 
A.63 .1 .1 X 
A.64 .02 .02 X 
A.65 .01 .01 X 
A.66 .01 .0011 X 
A.67 .99 .15 X 
A.68 .1 .1 X 
A.69 .02 .02 X 
A.70 .01 .01 X 
A.71 .01 .0011 X 
A.72 .99 .15 X 
A.73 .1 .1 X 
A.74 .02 .02 X 
A.75 .01 .01 X 









A.77 .99 .15 X 
A.78 .1 .1 X 
A.79 .02 .02 X 
A.80 .01 .01 X 
A.81 .01 .0011 X 
A.82 .99 .15 X 
A.83 .1 .1 X 
A.84 .02 .02 X 
A.85 .01 .01 X 
A.86 .01 .0011 X 
A.87 .99 .15 X 
A.88 .1 .1 X 
A.89 .02 .02 X 
A.90 .01 .01 X 
A.91 .01 .0011 X 
Figures 	A.92 through A.106 
Ground Rods 	9 x 8 ft. 
Burial Depth 48" 
Fault 
1 2 Source End Center Remote End 
A.92 .99 .15 X 
A.93 .1 .1 X 
A.94 .02 .02 X 
A.95 .01 .01 X 
A.96 .01 .0011 X 
A.97 .99 .15 X 
A.98 .1 .1 X 
A.99 .02 .02 X 
A.100 .01 .01 X 
A.101 .01 .0011 X 
A.102 .99 .15 X 
A.103 .1 .1 X 
A.104 .02 .02 X 
A.105 .01 .01 X 




A.107 through A.121 
9 x 	16 	ft. 
48" 
A.107 .99 .15 X 
A.108 .1 .1 X 
A.109 .02 .02 X 
A.110 .01 .01 X 
A.111 .01 .0011 X 
A.112 .99 .15 X 
A.113 .1 .1 X 
A.114 .02 .02 X 
A.115 .01 .01 X 
A.116 .01 .0011 X 
A.117 .99 .15 X 
A.118 .1 .1 X 
A.119 .02 .02 X 
A.120 .01 .01 X 
A.121 .01 .0011 X 
19 26 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 587.0850HMS. 
ZGC = 239.61580HMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
ED: TOUCH POTENTIAL. 








FIGURE  A.1. 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 















I F CE T 1 
(C) 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1449 OHMS. 
ZGC = 23.9547 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
87 
43 
FIGURE A.2. 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
130 
O 
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FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.6149 OHMS. 
ZGC = 94.0998 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
  
sr 	9 6 V 0- 0 	0 0 0 e V / 




FIGURE P..3. 	TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
130 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.8116 OHMS. 
ZGC = 385.60520)1MS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
ID: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
(FEU) 
(CI 
FIGURE A.4. 	TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
5) NEAR FAULT. 
C) NEAR CABLE END. 
.s 












   
   






















































FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 5.5362 OHMS. 
ZGC = 745.30510HM5. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
D: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.5. 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
 
-e 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 7.5081 OHMS. 
ZGC = 1203.2768HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
El: TOUCH POTENTIAL. 








FIGURE A.6. 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1363 OHMS. 
?GC = 19.7247 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
01: TOUCH POTENTIAL. 







FIGURE A.7. TOUCH RNO STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
1105 1493 1499 
MET) 
16) 




FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4449 OHMS. 
ZGC = 77.7684 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.8. 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION 7- 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.9248 OHMS. 
ZGC = 345.28030HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
0: TOUCH POTENTIAL. 










FIGURE A.9. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 










FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.8078 OHMS. 
ZGC = 681.25850HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
1: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.10. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FRULT. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 5.5693 OHMS. 
ZGC = 1144.7460HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.11. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
g 

































FAULT LOCRTION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1990 OHMS. 
ZGC = 28.3460 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
D: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
2973 
FIGURE A.12. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS 	9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5550 OHMS. 
ZGC = 104.68190HM5. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
2975 2951 
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FIGURE A.13. TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
BI NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.1116 OHMS. 
ZGC = 444.68770HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIRL. 
FIGURE A.14. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 4.1183 OHMS. 
ZGC = 872.76900HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
El: TOUCH POTENTIAL. 








FIGURE A.15. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 








FAULT LOCATION = 	2979 
NUMBER OF GROUND RODS = 
EQUIVALENT EARTH MODEL: 
ZCC 	.7 6.3409 	OHMS. 
ZGC 	= 	1487.6570 -1MS. 
SIGMA 	1 	= 	0.0100 
SIGMA 2 = 0.0011 
001: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FEET. 











FIGURE A.16. TOUCH AND STEP POTENTIALS: 
(;) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FRULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1063 OHMS. 
ZGC = 13.3027 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
0: TOUCH POTENTIAL. 








FIGURE A.17. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 



















FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
2CC = 0.3935 OHMS. 
ZGC = 47.2330 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
(CI 
FIGURE A.18. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 




FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.6535 OHMS. 
ZGC = 180.35790HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.19. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 




   
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.1860 OHMS. 
ZGC = 341.42720HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
MI: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 





   















FIGURE A.20. TOUCH AND STEP POTENTIALS: 
A) NEM-, SOURCE END OF CABLE. 
B) NEAR FAULT. 

















13 	 19 
.FEET) 
181 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.8350 OHMS. 
ZGC = 563.81650HM5. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
0: TOUCH POTENTIAL. 






FIGURE A.21. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
7CC = 0.0981 OHMS. 
?GC = 11.8174 OHMS. 
SIGMA 1 = 0.9900 
SIGMR 2 = 0.1500 
ID: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.22. TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 








FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.2975 OHMS. 
ZGC = 39.9428 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
El: TOUCH POTENTIAL. 







FIGURE A.23. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.1584 OHMS. 
ZGC = 165.83870HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: TOUCH POTENTIAL. 








FIGURE A.24. TOUCH AND STEP POTENTIALS: 
NEAR SOURCE END OF CABLE. 
8/ NEAR FAULT. 
Cl NEAR CABLE END. 
] 87 





FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.2671 OHMS. 
ZGC = 324.50940HMS. 
SIGMA 1 7. 0.0100 
SIGMA 2 = 0.0100 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.25. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE ENO OF CABLE. 
B3 NEAR FAULT. 





















   
FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS -.7'9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.1543 OHMS. 
MC = 576.52470HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
ID: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
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FIGURE A.26. TOUCH AND STEP POTENTIALS: 
NEAR SOURCE END or CABLE. 
B) NEAR FAULT. 


































FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1385 OHMS. 
ZGC = 16.3154 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
93 
FIGURE A.27. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CALLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
130 




FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4016 OHMS. 
ZGC = 55.1457 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.28. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
6) NEAR FAULT. 
C) NEAR CABLE END. 
2973 
	





















FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.3431 OHMS. 
ZGC = 216.84630HM5. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.29. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 





FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.5734 OHMS. 
ZGC = 421.39760HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
ME: TOUCH POTENTIAL. 








FIGURE A.30. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 













FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.9277 OHMS. 
ZGC = 770.34590HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
D: TOUCH POTENTIAL. 









FIGURE A.31. TOUCH RND STEP POTENTIALS: 
A) NEAR SOURCE END CF CABLE. 
B) NEAR FAULT. 


























FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1452 OHMS. 
ZGC 7- 23.0014 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
O : TOUCH POTENTIAL. 
O : MAXIMUM STEP POTENTIAL. 
FIGURE A.32. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 



























FAULT LOCATION m 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC m 0.6163 OHMS. 
ZGC = 91.2254 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
00: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.33. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.8187 OHMS. 
ZGC = 373.80290HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
7975 
	





FIGURE A.34. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 









FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 5.5503 OHMS. 
ZGC = 722.50570HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
0: TOUCH POTENTIAL. 





FIGURE A.35. TOUCH RND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 











FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ICC = 7.5256 OHMS. 
ZGC = 1161.902UHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
fl: TOUCH POTENTIAL. 






FIGURE A.36. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT ERRTH MODEL: 
ZCC = 0.1360 OHMS. 
ZGC = 20.5536 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
El: TOUCH POTENTIAL. 








FIGURE .4.37. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 












FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4438 OHMS. 
ZGC = 80.2532 OHMS. 
SIGMA 1 7: 0.1000 
SIGMA 2 = 0.1000 
10: TOUCH POTENTIAL. 







FIGURE A.33. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR AULT. 
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FAULT LOCATION .7 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.9195 OHMS. 
ZGC = 356.27400HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: TOUCH POTENTIAL. 








FIGURE A.39. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.7974 OHMS. 
ZGC = 702.94410HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 7. 0.0100 
0: TOUCH POTENTIAL. 








FIGURE A.40. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
81 NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS 7- S 
EQUIVALENT EARTH MODEL: 
ICC = 5.5575 OHMS. 
ZGC = 1185.9608HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
2975 2 9 8 7 
FIGURE A.41. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1985 OHMS. 
ZGC = 29.5307 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
tos 	 2981 	 2997 
(FEET) 
(C) 
FIGURE A.42. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5538 OHMS. 
ZGC = 108.01330HM5. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
Et 	o 	e 	49 	93 
47 






FIGURE A.43. 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 





FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.1067 OHMS. 
ZGC = 458.85450HNS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
9 0 C 	 0 1 
2997 
FIGURE A.44. TOUCH AND STEP POTENTIALS: 
RI NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
























FAULT LOCATION = 2979 FEET. 
93 
	 NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 4.1088 OHMS. 
ZGC = 900.58620HMS. 
47 
	 SIGMA 1 = 0.0100 
2 
	 SIGMA 2 1- 0.0100 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
2975 	 2531 
(FEET 
IC) 
FIGURE A.45. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 












FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 6.3299 OHMS. 
ZGC = 1541.5128HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
El: TOUCH POTENTIAL. 








FIGURE A.46. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 

























FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1061 OHMS. 
ZGC = 13.7519 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
1: TOUCH POTENTIAL. 











FIGURE L47. TOUCH AND STEP POTENTIALS: 
Ai NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.3927 OHMS. 
ZGC = 48.2211 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
El: TOUCH POTENTIAL. 



















FIGURE A.48. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.6500 OHMS. 
IOC = 184.14820HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.49. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 















FRULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS .7 9 
EQUIVALENT EARTH MODEL: 
ZCC .7 3.1791 OHMS. 
ZGC = 348.59170HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 :7 0.0100 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 








FIGURE A.50. TOUCH RNO STEP POTENTIRLS: 
A) NERR SOURCE END OF CABLE. 
B) NEAR FRULT. 
C) NEAR CABLE END. 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.8249 OHMS. 
ZGC = 580.35360MS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
fl: TOUCH POTENTIAL. 






FIGURE A.51. TOUCH AND STEP POTENTIALS: 
R1 NEAR SOURCE END OF CABLE. 
BI NEAR FAULT. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.0979 OHMS. 
ZGC = 12.2214 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
M: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.52. 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.2969 OHMS. 
ZGC = 40.7992 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.53. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 








FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.1559 OHMS. 
ZGC = 169.37430HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: 	TOUCH POTENTIAL. 
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FIGURE A.54. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.2620 OHMS. 
ZGC = 331.42210HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.55. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
e7 
FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.1474 OHMS. 
ZGC = 593.66430HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
ID: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A,55. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
































   






FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ICC = 0.1382 OHMS. 
ZGC = 16.8673 OHMS. 
	
47 	 SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
a a a■—..—."—= 
 
2979 	 2925 2991 
IrEETI 
IC] 
FIGURE A.57. TOUCH RND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 

































FRULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4008 OHMS. 
ZGC = 56.3183 OHMS. 
SIGMA I = 0.1000 
SIGMA 2 = 0.1000 
El; TOUCH POTENTIAL. 
C): MAXIMUM STEP POTENTIAL. 
FIGURE A.55. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 







FAULT LOCATION = 2979 FEET. 
	
to. 07 
	 NUMBER OF GROUND RODS = 9 
w 
	 EQUIVRLENT EARTH MODEL: 
ZCC = 1.3406 OHMS. 
ZGC = 221.47090HMS. 
43 
	 SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
O 
2979 	 ZOOS 	 2591 
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FIGURE A.59. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.5686 OHMS. 
ZGC = 430.38890HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
IC) 
FIGURE 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ICC = 3.9208 OHMS. 
ZGC = 793.40760HM5. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.61. TOUCH AND STEP POTENTIALS: 
PI) NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 




FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1439 OHMS. 
ZGC = 28.0621 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 7. 0.1500 
0: TOUCH POTENTIAL. 




FIGURE 4.62. 	TOUCH AND STEP POTENTIALS: 
RI NERR SOURCE ENO OF CABLE. 
BI NEAR FAULT. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
	
ZCC = 	0.6139 	OHMS. 
ZGC = 96.3489 OHMS. 
SIGMA 	1 	= 0.1000 
SIGMA 2 = 0.1000 
0: 	TOUCH POTENTIAL. 





FIGURE A.63. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 













FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
7CC = 2.8071 OHMS. 
ZGC = 394.82190HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
0: TOUCH POTENTIAL. 








FIGURE A.64. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
FAULT LOCRTION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EOUIVRLENT EARTH MODEL: 
2CC = 5.5272 OHMS. 
ZGC = 763.10SSOHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
El: TOUCH POTENTIAL. 








FIGURE A.65. TOUCH RND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 

























FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 7.4381 OHMS. 
ZGC = 1399.346BHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
MI: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.66. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
1493 1.499 
I FEET I 
IBI 
1.51:15 
FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
2CC = 0.1349 OHMS. 
ZGC = 24.1003 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
0: TOUCH POTENTIAL. 








FIGURE A.67. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 





































FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4431 OHMS. 
ZGC = 82.2278 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
CJ: TOUCH POTENTIAL. 
C): MAXIMUM STEP POTENTIAL. 
FIGURE A.68. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.9161 OHMS. 
ZGC = 365.00970HM5. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
D: TOUCH POTENTIAL. 








FIGURE A.69. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 










FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCO = 3.7906 OHMS. 
ZGC = 720.17500HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
D: TOUCH POTENTIAL. 






FIGURE A.70. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
0) NEAR FAULT. 
C) NEAR CABLE END. 








FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS 1- 9 
EQUIVALENT EARTH MODEL: 
ZCC = 5.5101 	OHMS. 
ZGC = 1380.0170HMS• 
SIGMA 1 = 0.0100 
SIGMA 2 = 	0.0011 
D: TOUCH POTENTIAL. 








FIGURE A.71. TOUCH RND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
toes ZI173 1979 
[nu) 
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FAULT LOCATION :-.. 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1967 OHMS. 
ZGC = 34.5811 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 .1- 0.1500 
El: TOUCH POTENTIAL. 








FIGURE A.72. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
2973 2685 
FAULT LOCRTION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5530 OHMS. 
ZGC = 110.66060HMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
El: TOUCH POTENTIAL. 








FIGURE A.73. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 







   











FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.1036 OHMS. 
ZGC = 470.09880HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.74. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 





FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 4.1028 OHMS. 
ZGC = 922.66020HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
El: TOUCH POTENTIAL. 




FIGURE A.75. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END CF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 6.2861 	OHMS. 
ZGC = 1794.5820HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 	0.001] 
ID: TOUCH POTENTIAL. 








FIGURE A.76. TOUCH AND STEP POTENTIALS: 
A) NEAR Cr'IRCE END OF CABLE. 
B) NEAP fr 	. 
C) NEAP _ND. 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1053 OHMS. 
ZGC = 15.6213 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
DI: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.77. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 



















FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.3922 OHMS. 
ZGC = 49.0362 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
El: TOUCH POTENTIAL. 








FIGURE A.73. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 






FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.6476 OHMS. 
ZGC = 187.26290HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.79. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 














FRULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
?CC = 3.1742 OHMS. 
ZGC = 354.47630HMS. 
SIGMR 1 = 0.0100 
SIGMR 2 = 0.0100 
El: TOUCH POTENTIAL. 








FIGURE A.80. TOUCH AND STEP POTENTIALS: 
R) NERR SOURCE END OF CABLE. 
B) NEAR FAULT. 





FAULT LOCATION .7.. 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC 7.: 3.7850 OHMS. 
ZGC .7 656.44630HM5. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
00: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.81. 	TOUCH RND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
13) NEAR FAULT. 










FAULT LOCATION = 1499 FEET. 
OMBER OF GROUND RODS = 9 
EOUPIALENT EARTH MODEL: 
Z._ = 0.0970 OHMS. 
/GC = 13.8960 OHMS. 
SIGMA I = 0.9900 
SIGMA 2 = 0.1500 
01: TOUCH POTENTIAL. 








FIGURE A.82. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF rc 1E. 
B) NEAR FAULT. 





FAULT LOCATION r 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.2965 OHMS. 
ZGC = 41.5134 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
011: 	TOUCH POTENTIAL. 







FIGURE A.83. TOUCH RND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
7CC = 1.1541 	OHMS. 
ZGC = 172.32010HM5. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL . 
FIGURE A.34. TOUCH RND STEP POTENTIALS: 
A) NEAR 500:E END OF CR9LE. 
B) NEAR FAULT. 






























FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.2585 OHMS. 
ZGC = 337.18120HM5. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
J: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.35. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.1200 OHMS. 
ZGC = 672.2006OHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
El: TOUCH POTENTIAL. 








FIGURE A.86. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
t173 29116 t179 
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FAULT LOCATION = 2979 FEET'. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1368 OHMS. 
ZGC = 19.1460 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
EH TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.S7. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4004 OHMS. 
ZGC = 57.2996 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
El: TOUCH POTENTIAL. 








FIGURE A•E.d. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
Cl NEAR CABLE END. 
I:973 2995 2979 
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FRULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.3389 OHMS. 
ZGC = 225.33030W 'o. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
MI: TOUCH POTENTIAL. 








FIGURE A.89. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE ENO OF CABLE. 
8) NEAR FAULT. 







































FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.5652 OHMS. 
ZGC = 437.88940HMS. 
SIGMA I ..= 	0.0100 
SIGMA 2 = 0.0100 
BO: 	TOUCH POTENTIAL. 









FIGURE A.90. TOUCH RND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 




FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ICC = 3.8935 OHMS. 
?GC = 898.90760HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
El: TOUCH POTENTIAL. 








FIGURE A.91. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 















FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
1CC = 0.1354 OHMS. 
ZGC = 46.2454 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
D: TOUCH POTENTIAL. 
(I): MAXIMUM STEP POTENTIAL. 
FIGURE A.92. TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC z 0.6131 	OHMS. 
ZGC = 97.9287 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
1111: 	TOUCH POTENTIAL. 





FIGURE P.93. 	TOUCH AND STEP POTENTIALS; 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 






FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.8027 OHMS. 
ICC = 401.23040HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: TOUCH POTENTIAL. 








FIGURE A.94. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
Cl NEAR CABLE END. 
29138 
FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 5.5183 OHMS. 
ZGC = 775.45790HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.95. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C1 NEAR CABLE END. 
FAULT LOCRTION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT ERRTH MODEL: 
ZCC = 6.6897 OHMS. 
MC = 2481.588@HMS. 
SIGMR 1 = 0.0100 
SIGMA 2 = 0.0011 
M: TOUCH POTENTIAL. 
D: MAXIMUM STEP POTENTIAL. 








FIGURE A.96. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 









FRULT LOCRTION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVRLENT EARTH MODEL: 
ZCC = 0.1261 OHMS. 
ZGC = 40.1101 OHMS. 
SIGMR 1 = 0.9900 
SIGMR 2 = 0.1500 
El: TOUCH POTENTIAL. 
0: MRXIMUM STEP POTENTIRL. 
FIGURE A.97. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C1 NEAR CABLE END. 


























FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4425 OHMS. 
ZGC = 83.6640 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.M. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 





FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.9131 	OHMS. 
ZGC = 371.32760HM5. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: TOUCH POTENTIAL. 








FIGURE A.99. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.7845 OHMS. 
IOC = 732.62840HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
D: TOUCH POTENTIAL. 








FIGURE A.100. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FRULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 5.0017 OHMS. 
ZGC = 2453.8960HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
5111: 	TOUCH POTENTIAL. 








FIGURE A.101. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FRULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1818 OHMS. 
ZGC = 56.7662 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
[1]: 	TOUCH POTENTIAL. 
CD: MAXIMUM STEP POTENTIAL. 
FIGURE A.102. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 










FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5524 OHMS. 
ZGC = 112.65720HMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
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FIGURE A.103. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 

















FAULT LOCATION = 2979 FEET. 
93 
	 NUMBER OF GROUND RODS ...: 9 
EQUIVALENT EARTH MODEL: 
ICC :7 2.1007 OHMS. 
ZGC = 478.50850HMS. 
47 
	
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
0: TOUCH POTENTIAL. 





FIGURE A.104. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
81 NEAR FAULT. 
C) NEAR CABLE END. 
FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC .7. 4.0971 	OHMS. 
ZGC = 939.15240HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
0: TOUCH POTENTIAL. 








FIGURE A.105. TOUCH RND STEP POTENTIALS: 
RI NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 




FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 5.7954 OHMS. 
ZGC = 3202.8220HMS. 
SIGMA 1 .7 	0.0100 
SIGMA 2 = 0.0011 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.106. TOUCH AND STEP POTENTIALS: 
A) NERR SOURCE END OF CABLE. 
B) NEAR FAULT. 
Cl NEAR CABLE END. 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1008 OHMS. 
ZGC = 22.6077 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
ID: 	TOUCH POTENTIAL. 








FIGURE A.107. TOUCH RNO STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
?CC = 0.3916 OHMS. 
ZGC = 49.5848 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
II: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
07 
FIGURE 4.108. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FRULT. 
C) NEAR CABLE END. 
FRULT LOCRTION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EOUIVRLENT ERRTH MODEL: 
ZCC = 1.6443 OHMS. 
ZGC = 189.30160HMS. 
SIGMR 1 = 0.0200 
SIGMR 2 = 0.0200 
D: TOUCH POTENTIAL. 








FIGURE P,.109. TOUCH RND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
2992 2950 
FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.1675 OHMS. 
ZGC = 358.29880HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
D: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.110. TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
C1 NEAR CABLE END. 
FRULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.5391 OHMS. 
ZGC = 1013.5190HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
01 1:_ TOUCH POTENTIAL. 








FIGURE A.111. TOUCH RND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 









FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
?CC = 0.0924 OHMS. 
?GC = 20.2533 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
0: TOUCH POTENTIAL. 






FIGURE A.112. TOUCH RNO STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FRULT. 





FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ICC.= 0.2961 	OHMS. 
ZGC = 42.0178 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
D: TOUCH POTENTIAL. 








FIGURE A.113. TOUCH FIND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
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FRULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.1518 OHMS. 
ZGC = 174.35700HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIRL. 
FIGURE A.114. TOUCH RND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FRULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1288 OHMS. 
ZGC = 27.5498 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE A.117. TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 





FAULT LOCATION _7 2979 FEET. 
NUMBER OF GROUND RODS _7 9 
EQUIVRLENT EARTH MODEL: 
ZCC = 0.3999 OHMS. 
ZGC = 58.0243 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
M: TOUCH POTENTIAL. 
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FIGURE A.118. TOUCH RND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 

































FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ICC = 1.3367 OHMS. 
ZGC = 228.10840HMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
2992 
FIGURE A.119. TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.5608 OHMS. 
ZGC = 443.268SOHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
El: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 





FIGURE A.I20. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
29135 t173 
FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 3.7240 OHMS. 
ZGC = 1401.0650HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
0: TOUCH POTENTIAL. 








FIGURE A.121. TOUCH RND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
Appendix II.B 
GRAPHICAL RESULTS FOR BARE NEUTRAL AND SEMICONDUCTING JACKET CABLE 
This appendix contains all the computer generated data for underground faulted 
cables with semiconducting jacket or bare. Table B.1 summarizes the organization 
of the data for quick reference. Additional information, i.e. soil resistivity or 
conductivity, fault location, etc., is given in individual figures. 
Table B.1 
BARE NEUTRAL AND SEMICONDUCTING JACKET CABLE 
Figures 	B.1 
Ground Rods 	9 x 





Source End Center Remote End 
B.1 .99 .15 X 
B.2 .1 .02 X 
B.3 .1 .1 X 
B.4 .02 .02 X 
B.5 .02 .005 X 
B.6 .01 .01 X 
B.7 .01 .0011 X 
B.8 .99 .15 X 
B.9 .1 .02 X 
B.10 .1 .1 X 
B.11 .02 .02 X 
B.12 .02 .005 X 
B.13 .01 .01 X 
B.14 .01 .0011 X 
B.15 .99 .15 X 
B.16 .1 .02 X 
B.17 .1 .1 X 
B.18 .02 .02 X 
B.19 .02 .005 X 
B.20 .01 .01 X 








B.22 .99 .15 X 
B.23 .1 .02 X 
B.24 .1 .1 X 
B.25 .02 .02 X 
B.26 .02 .005 X 
B.27 .01 .01 X 
B.28 .01 .0011 X 
B.29 .99 .15 X 
B.30 .1 .02 X 
B.31 .1 .1 X 
B.32 .02 .02 X 
B.33 .02 .005 X 
B.34 .01 .01 X 
B.35 .01 .0011 X 
B.36 .99 .15 X 
B.37 .1 .02 X 
B-2 
B.38 .1 .1 X 
B.39 .02 .02 X 
B.40 .02 .005 X 
B.41 .01 .01 X 















Source End Center Remote End 
B.43 .99 .15 X 
B.44 .1 .02 X 
B.45 .1 .1 X 
B.46 .02 .02 X 
B.47 .02 .005 X 
B.48 .01 .01 X 
B.49 .01 .0011 X 
B.50 .99 .15 X 
B.51 .1 .02 X 
B.52 .1 .1 X 
B.53 .02 .02 X 
B.54 .02 .005 x 
B.55 .01 .01 X 
B.56 .01 .0011 X 
B.57 .99 .15 X 
B.58 .1 .02 X 
B.59 .1 .1 X 
B.60 .02 .02 X 
B.61 .02 .005 X 
B.62 .01 .01 X 








B.64 .99 .15 X 
B.65 .1 .02 X 
B.66 .1 .1 X 
B.67 .02 .02 X 
B.68 .02 .005 X 
B.69 .01 .01 X 
B.70 .01 .0011 X 
B.71 .99 .15 X 
B.72 .1 .02 X 
B.73 .1 .1 X 
B.74 .02 .02 X 
B.75 .02 .005 X 
B.76 .01 .01 X 
B.77 .01 .0011 X 
B.78 .99 .15 X 
B.79 .1 .02 X 
B.80 .1 .1 X 
B.81 .02 .02 X 
B-3 
B.82 .02 .005 X 
B.83 .01 .01 X 














Source End Center Remote End 
B.85 .99 .15 X 
B.86 .1 .02 X 
B.87 .1 .1 X 
B.88 .02 .02 X 
B.89 .02 .005 X 
B.90 .01 .01 X 
B.91 .01 .0011 X 
B.92 .99 .15 X 
B.93 .1 .02 X 
B.94 .1 .1 X 
B.95 .02 .02 X 
B.96 .02 .005 X 
B.97 .01 .01 X 
B.98 .01 .0011 X 
B.99 .99 .15 X 
B.100 .1 .02 X 
B.101 .1 .1 X 
B.102 .02 .02 X 
B.103 .02 .005 X 
B.104 .01 .01 X 








B.106 .99 .15 X 
B.107 .1 .02 X 
B.108 .1 .1 X 
B.109 .02 .02 X 
B.110 .02 .005 X 
B.111 .01 .01 X 
B.112 .01 .0011 X 
B.113 .99 .15 X 
B.114 .1 .02 X 
B.115 .1 .1 X 
B.116 .02 .02 X 
B.117 .02 .005 X 
B.118 .01 .01 X 
B.119 .01 .0011 X 
B.120 .99 .15 X 
B.121 .1 .02 X 
B.122 .1 .1 X 
B.123 .02 .02 X 
B.124 .02 .005 X 
B.126 .01 .0011 X 










2 Source End Center Remote End 
B.127 .99 .15 X 
B.128 .1 .02 X 
B.129 .1 .1 X 
B.130 .02 .02 X 
B.131 .02 .005 X 
B.132 .01 .01 X 
B.133 .01 .0011 X 
B.134 .99 .15 X 
B.135 .1 .02 X 
B.136 .1 .1 X 
B.137 .02 .02 X 
B.138 .02 .005 X 
B.139 .01 .01 X 
B.140 .01 .0011 X 
B.141 .99 .15 X 
B.142 .1 .02 X 
B.143 .1 .1 X 
B.144 .02 .02 
B.145 .02 .005 X 
B.146 .01 .01 X 








B.148 .99 .15 X 
B.149 .1 .02 X 
B.150 .1 .1 X 
B.151 .02 .02 X 
B.152 .02 .005 X 
B.153 .01 .01 X 
B.154 .01 .0011 X 
B.155 .99 .15 X 
B.156 .1 .02 X 
B.157 .1 .1 X 
B.158 .02 .02 X 
B.159 .02 .005 X 
B.160 .01 .01 X 
B.161 .01 .0011 X 
B.162 .99 .15 X 
B.163 .1 .02 X 
B.164 .1 .1 X 
B.165 .02 .02 X 
B.166 .02 .005 X 
B.167 .01 .01 X 





FRULT LOCATION = 19 	FEET. 
73 
	 NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.0911 OHMS. 
ZGC = 6.2765 OHMS. 
37 
	 SIGMR 1 = 0.9900 
SIGMA 2 = 0.1500 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
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FIGURE B.1. 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FRULT. 

















   
FAULT LOCATION .7. 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1544 OHMS. 
ZGC = 11.8336 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.0200 
O : TOUCH POTENTIAL. 






FIGURE 9.2. 	TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
81 NEAR FAULT. 





FRULT LOCRTION = 19 	FEET. 
NUMBER OF GROUND RODS 7-- 9 
EQUIVRLENT EARTH MODEL: 
ZCC = 0.1893 OHMS. 
ZGC = 6.1004 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
MI: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE 13.3. 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 







FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4791 OHMS. 
ZGC = 16.0559 OHMS. 
SIGMA I = 0.0200 
SIGMA 2 = 0.0200 
: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.4. 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 























FAULT LOCATION = 19 . 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.3921 OHMS. 
ZGC = 31.1599 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0050 
El: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
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FIGURE 6.5. 	TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
- 30 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.7323 OHMS. 
ZGC = 25.6153 OHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
MI: TOUCH POTENTIAL. 




FIGURE B.6. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS :7 9 
EQUIVALENT EARTH MODEL: 
ZCC .7. 0.8208 OHMS. 
ZGC = 111.62600HMS. 
SIGMA I = 0.0100 
SIGMA 2 = 0.0011 
E: TOUCH POTENTIAL. 







FIGURE B.7. 	TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
BI NEAR FAULT. 
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FAULT LOCATION = 1499 FEET. 
73 
	 NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.0583 OHMS. 
ZGC = 4.3387 OHMS. 
37 
	 SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
El: TOUCH POTENTIAL. 
CD: MAXIMUM STEP POTENTIAL. 
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FIGURE 13.3. 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
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FAULT LOCRTION = 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ICC = 0.1524 OHMS. 
ICC = 11.6507 OHMS. 
SIGMA I = 0.1000 
SIGMA 2 7. 0.0200 
MI: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.9. TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C1 NEAR CABLE ENO. 
297) 	 291': 
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FAULT LOCATION 	1409 	FEET. 
NUMBER OF GROUND RODS = 
EQUIVALENT EA R TH [100E1 
ICC m 0.1227 OHMS. 
/CC = 4.4196 	OHMS. 
SIGMA I 	0.1000 
SJCMR 2 = 0. 1 000 
MI: 	TOUCH rOTENTIRL. 
C)' MRKIMUM STEF FOTENTIRL. 
: 49 3 
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12' 
Fn.-ORE B.10. TOUCH ANC STEP POTENTIALS' 
A/ NEW SOURCE ENO OF CABLE-
) NEAR FRULT• 
C) NEAR CABLE EQ. 
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I 4i1  
•rtt I 
I 	' 
FAULT IL:CATION 	1439 FEET. 
NUMBER OF GROUND RODS .7. 9 
EQUIVFLENT ERRTH MODEL 
/CC = 0.3213 OHMS. 
ZGC = 12.9343 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
M: TOUCH PDTENT11. 
0: MAXIMUM STEP POTENTIAL. 
It' 
 
FIGURE B.11. TOUCH RNID STEP POTENTIRLS . 
R1 NERR SOURCE END OF CRDLE. 
SI NEAR FRULT. 













FI;ULT LCCGTION = 	3499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL : 
ZCC = 0.500 OHMS. 
ZGC = 38.0359 OHMS, 
SIGMA 1 = 0.0200 
SICMA 2 = 0.0050 
TOUCH POTENTIRL• 
CD' MAXIMUM STEP POTENTIAL. 
FICURE 8.12. TOUCH AND STEP POTENTIALS' 
R) NEAR SJURC[ END OF CABLE. 
5) NEAR FAULT 






























































FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5766 OHMS. 
ZGC = 23.6095 OHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
J: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.13. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
6) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.3836 OHMS. 
ZGC = 162.52740HNS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
MI: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.14. TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE ENO OF CABLE. 
81 NEAR FAULT. 
C1 NEAR CABLE ENO. 
40 43 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.0640 OHMS. 
ZGC = 4.9807 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
EH TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.15. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 












FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ICC = 0.2102 OHMS. 
ZGC = 16.2140 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.0200 
ill: 	TOUCH POTENTIAL. 
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FIGURE B.16. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CABLE. 
8) NEAR FAULT. 





FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MOOEL: 
ZCC = 0.1599 OHMS. 
ZGC = 5.9105 OHMS. 
SIGMR 1 = 0.1000 
SIGMA 2 = 0.1000 
D:  TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
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FIGURE 3.17. TOUCH ANO STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4674 OHMS. 
ZGC = 18.6636 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
D: TOUCH POTENTIAL. 





FIGURE 8.18. TOUCH RNO STEP POTENTIALS: 
R) NEAR SOURCE ENO OF CABLE. 
8) NEAR FAULT. 






















FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
iCC = 0.7627 OHMS. 
ZGC = 56.6436 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0050 
MI: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE 3.19. TOUCH AND STEP POTENTIALS: 
A) NERR SOURCE END OF CABLE. 
B) NERR FAULT. 
C) NEAR CABLE END. 






FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ICC = 0.8765 OHMS. 
ZGC = 35.0945 OHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
E: TOUCH POTENTIAL. 





FIGURE B.20. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 







FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.2443 	OHMS. 
ZGC = 249.32SS0H115. 
SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0011 
MI: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. ' 
FIGURE B.21. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 










FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ICC = 0.1039 OHMS. 
ZGC = 8.9838 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
MI: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
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FIGURE 8.22. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
C) NEAR CABLE END. 
tm 










FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MOOEL: 
ICC = 0.1968 OHMS. 
4.• 
	 ZGC = 16.0701 OHMS. 
43 
	 SIGMA 1 = 0.1000 
v SIGMA 2 = 0.0200 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
TITT 	 Tin 	 3034 
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FIGURE B.23. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CABLE. 
8) NEAR FAULT. 
Cl NEAR CABLE ENO. 
-s 
110 
FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
2CC = 0.1474 OHMS. 
ZGC = 5.7884 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
D: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.24. TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.3491 OHMS. 
ZGC = 13.8830 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
MI: TOUCH POTENTIAL. 





FIGURE B.25. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 











FAULT LOCATION = 19 	FEET. 
NUMBER OF GROUND ROOS 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4761 OHMS. 
ZGC = 35.0901 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0050 
0: TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.26. TOUCH AND STEP POTENTIALS: 
111 NEAR SOURCE ENO OF CABLE. 
B1 NEAR FAULT. 
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FAULT LOCATION = 19 
	
FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5336 OHMS. 
/GC = 21.9993 OHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
p: TOUCH POTENTIAL. 




FIGURE B.27. TOUCH PNO STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 



















FRULT LOCATION = 	19 
	
FEET. 
NUMBER OF GROUND RODS 0 
EQUIVRLENT EARTH MODEL 
ZCC = 1.0988 OHMS. 
ZGC = 146.15660HNS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0011 
D: 	TOUCH POTENTIRL. 
O. MAXIMUM STEP POTENTIAL. 
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FIGURE 8.23. TOUCH RNO STEP POTENTIALS: 
RI NERR SOURCE END OF CABLE. 
81 NERR FAULT. 






















FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.0804 OHMS. 
ZGC = 6.1680 OHMS. 
SIGMA I = 0.9900 
SIGMA 2 m 	0.1500 
MI: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE 3.29. TOUCH ANO STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1524 OHMS. 
ZGC = 12.0960 OHMS- 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0.0200 
al: 	TOUCH POTENTIAL. 





FIGURE B.30. TOUCH AND STEP POTENTIALS: 
RI NEAR SOURCE END OF CABLE. 
B) NEAR FAULT- 







FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ICC = 0.1160 OHMS. 
IGC = 4.2224 OHMS. 
SIGMA I = 0.1000 
SIGMA 2 = 0.1000 
El: 	TOUCH POTENTIAL. 
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FIGURE B.31. TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 































FAULT LOCATION = 	1499 FEET- 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.3082 OHMS. 
ZGC = 12.6192 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
03: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
r--- 
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FIGURE 0.32. TOUCH ANO STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
P) NEAR FAULT. 
C) NEAR CABLE ENO. 
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FAULT LOCATION = 	1499 FEET- 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4799 OHMS. 
ZGC = 35.7303 OHMS. 
SIGMA I = 0.0200 
SIGMA 2 = 0.0050 
El: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
—0 
FIGURE 8.33. 	TOUCH AND STEP POTENTIALS: 
R1 NEAR SOURCE END OF CABLE-
D) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ICC = 0.5621 OHMS. 
ZGC = 23.3612 OHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
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FIGURE B.34. TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
81 NEAR FAULT. 




















FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 1.4559 OHMS. 
ZGC = 181.945101MS. 
SIGMA I = 0.0100 
SIGMA 2 = 0.0011 
MI: TOUCH POTENTIAL. 
MAXIMUM STEP POTENTIAL. 
1112 	 111111 	 3034 
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FIGURE B.35. TOUCH RND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
Cl NEAR CABLE END. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1305 OHMS. 
ZGC = 10.8131 OHMS. 
SIGMA 1 = 	0.9900 
SIGMA 2 = 0.1500 
CJ: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE 0.36. 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.2785 OHMS. 
ZGC = 22.6030 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.0200 
It: 	TOUCH POTENTIAL. 
O: MAXIMUM STEP POTENTIAL. 
FIGURE 3.37. TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
81 NEAR FAULT. 
Cl NEAR CABLE ENO. 
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FAULT LOCATION = 2979 FEET. 
t! -- 79 
	 NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.2059 OHMS. 
ZGC = 7.7994 	OHMS. 
37 
	 SIC-MR 1 = 	0.1000 
frri 
	
SIDMA 2 = 0.1000 
011: 	TOUCH POTENTIAL. 
1,1 





FIGURE B.38 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NERR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC 17. 0.6363 	OHMS. 
ZGC = 21.6975 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 	0.0200 
IC: 	TOUCH POTENTIAL. 








FIGURE B.39 	TOUCH AND STEP POTENTIALS: 
Rl NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT ERRTH MODEL: 
ZEC = 0.8333 OHMS. 
ZGC = 80. 8922 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0050 
TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.40 	TOUCH AND STEP POTENTIALS: 
AI NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE ENO. 
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FAULT LOCATION = 	2979 	FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.9741 	OHMS. 
10C = 39.5595 OHMS. 
SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0100 
M: 	TOUCH POTENTIAL- 
0 MAXIMUM STEP POTENTIAL. 
2932 	 2333 	 5074 
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FIGURE B.41 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE, 
B) NEAR FAULT, 




—10-- --et-- --El — 	
▪  
01 e 	 -e- 
▪ 43 
 
- - 	 - 
  
S! 
e 	b 	6 7>. 
5 	 2773 	 2877 








FAULT LOCATION = 2979 FEET, 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 2.6505 OHMS. 
ZDC = 323.93540HM5- 
SIGMA 1 = 0.0100 
SIGMA 2 = 	0-0011 
M: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
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FIGURE B.42 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	19 
	
FEET. 
NUMBER OF GROUND RODS == 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0,0712 OHMS. 
ZGC = 5.1098 OHMS 
SIGMA 1 = 0.9900 
SIGMA 2 = 0,1500 
11: 	TOUCH POTENTIAL. 







FIGURE B.43 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE-  
El) NEAR FAULT. 








FAULT LOCATION = )9 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
LCC z 0.1528 OHMS. 
ZGC = 11.4823 OHMS. 
SIGMA 1 = 	0.100C 
SIGMA 2 = 0.020C 
11 : 	TOUCH POTENTIAL. 
(D MAXIMUM STEP POTENTIAL. 
!: 	73 




FICURE 8.44 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
Cl NEAR CABLE END. 











FAULT LOCATION = 	19 	FEET, 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.124S OHMS. 
ZGC = 4.59).4 	OHMS. 
SIGMA 1 7 	0-1000 
SIGMA 2 = 0.1000 
19: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
9 	I 	• 	q 
FIGURE B.45 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 




















FAULT LOCATION .= 	19 	FEET, 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
LCC = 0.2904 OHMS. 
LGC 	11.6620 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0-0200 
10: 	TOUCH POTENTIAL. 








FIGURE B.46 TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 


















FAULT LOCATION = 	19 	FEET, 
NUMBER OF GROUND RODS 7 9 
EQUIVALENT EARTH MODEL: 
LCD = 0.3855 OHMS. 
ZGC = 30.2939 OHMS. 
SIG-MA I = 	0-0200 
SIGMA 2 = 0.0050 
MI: 	TOUCH POTENTIAL. 










TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE ENO OF CABLE, 
B) NEAR FAULT- 
C1 NEAR CABLE ENO. 
o 
,7.4 30 	 SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0100 
• - 
M: 	TOUCH POTENTIAL. 
1:1) MAXIMUM STEP POTENTIAL_ 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4463 OHMS. 
100 = 19.9620 OHMS. 
ig 	 tg 
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FIGUREB.48 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
33 
--ft— 	 - 
—9— —e, 










297.3 	 2935 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.7773 	OHMS. 
ZOC = 104.28110HMS, 
SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0011 
2]7. 	TOUCH POTENTIAL. 
0! MAXIMUM STEP POTENTIAL. 
-s 
FIGURE B.49 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CABLE. 
6) NEAR FAULT. 
C) NEAR CA6LE END. 
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FAULT LOCATION = 	1499 FEET' 
NUMBEROF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.0583 OHMS. 
= 4.2709 OHMS. 
SIGMA I = 	0.9900 
SIGMA 2 7 	0.1500 
M: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
237 	 20SE, 
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FIGURE B.50 	TOUCH AND STEF POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND 8005 = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1510 OHMS. 
ZGC = 11.3253 OHMS. 
510-MA 1 = 	0.1000 
SIGMA 2 = 0.0200 
LT]: 	TOUCH POTENTIAL. 




FIGURE B.51 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 













I FEET 1 
101 
1433 
2373 239'. 29130 
I FEET I 
ICI 
FAULT LOCATION 7- 	1499 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL 
LCC = 0.1227 	OHMS. 
ZGC = 4.4053 OHMS. 
SIGMA 1 7 	0,1000 
SIGMA 2 = 0.1000 
M: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.52 	TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
C1 NEAR CABLE END. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZEC = 0.3206 OHMS. 
ZGC = 12.8657 OHMS= 
SIGMA 1 7 0.0200 
SIGMA 2 = 0.0200 
MI: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.53 	TOUCH AND STEP POTENTIALS: 
A] NEAR SOURCE ENO OF CABLE. 
B] NEAR FAULT. 
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FAULT LOCATION = 	1499 	FEET, 
7 90 
	 NUMBER OF GROUND RODS = 3 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4937 OHMS. 
ZGC = 37.1634 OHMS. 
40 
	 SIGMA 1 = 	0-0200 
e,5 
	 SIGMA 2 7 0.0050 
El; 	TOUCH POTENTIAL- 
0: MAXIMUM STEP POTENTIAL. 
2373 	 2395 
IFEET1 
ICI 
FIGURE B.54 	TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE ENO OF GABLE- 
B) NEAR FAULT_ 
C) NEAR CABLE ENO, 
T 1 " 





FAULT LOCATION = 	1499 FEET- 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MOOEL: 
ZCC = 0.5750 OHMS. 
ZGC = 23-4730 OHMS. 
SIGMA 1 = 0-0100 
SIGMA 2 = 0.0100 
01 : 	TOUCH POTENTIAL. 
(I) MAXIMUM STEP POTENTIAL. 
2973 	 2995 	 Z99 . 
FEE*I 
FIGURE B.55 	TOUCH AND STEP POTENTIALS: 
RI NEAR SOURCE ENO OF CABLE. 
BI NEAR FAULT- 
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FAULT LOCATION = 	1499 	FEET. 
NUMBER OF GROUND ROSS = 9 
EaUIVRLENT EARTH MODEL: 
ZCC = 1.3411 	OHMS. 
755 = 154.3430OHNS. 
STOMA I = 	0.0100 
SIGMA 2 7 	0-0011 
T7 	TOUCH POTENTIAL 
MAXIMUM STEF POTENTIAL. 
FIGURE B.56 	TOUCH AND STEP POTENTIALS 
Al NEAR SOURCE ENO OF CABLE. 
5) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EOUIVALENT EARTH MODEL: 
LEG 	0.0636 OHMS 
Z5C = 4853E 	CHINS, 
SIGMA I 	0,9900 
SIGMA 2 = 
TOUGH POTENTIAL. 
D 	MAXIMUM STEP POTENTIAL. 
4D 
- - -5-- -6- 	 -O- 
f 
299T 23'73 





TOUCH AND STEP POTENTIALS: 
HI NEAR SOURCE END OF CABLE, 
FS) NEAR FAULT 
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FAULT LOCATION = 2979 FEET. 
!:4 5C 	 NUMBER OF GROUND RODS = 9 
-44 EQUIVALENT EARTH MODEL: 
2 1 	 ZCC = G,2082 OHMS 
ZGC = 15.7396 OHMS, 
43 	 SIGMA 1 = 	0.1000 
SIGMA 2 = 0.0200 
M: 	TOUCH POTENTIAL. 
ff 	 0- MAXIMUM STEP POTENTIAL. 





TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE ENO OF CABLE. 
BI NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUNO 8005 = 9 
EQUIVALENT EARTH NOOEL: 
ZCC = 0,1597 OHMS. 
ZGC = 5.8852 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
11: 	TOUCH POTENTIAL. 
co: MAXIMUM STEP POTENTIAL. 
2973 293.5 
FEET I 
t C I 
2391 
F IGURE B.59 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 



































FAULT LOCATION = 2979 FEET, 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4665 OHMS. 
ZOO = 18.5645 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
T1: 	TOUCH POTENTIAL. 





FIGURE B.60 TOUCH ANO STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CABLE- 
B) NERR FAULT, 
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FAULT LOCATION2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZOO = 0. -75S0 	OHMS. 
ZGC = 55.3491 OHMS, 
SIGMA I = 	0.0200 
SIGMA 2 = 0.0050 
j] : 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
-7 




TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
61 NEAR FAULT. 
C) NEAR CABLE END. 
- l0 	 - 103 
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ERUCT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EOUIVALENT EARTH MODEL 
ZEC = C:8746 OHMS. 
ZOC = 34.9013 OHMS. 
SILIMA I = 	0.0100 
SIC-NA 2 = 0.0100 
ED: 	TOUCH POTENTIAL. 
0 MAXIMUM STEP POTENTIAL. 
FICURE B.62 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL.: 
LCC = 2.2012 OHMS. 
70-C = 242,24080HMS, 
SIGMA 1 = 	0.0100 
SIGMA 2 = 0,0011 
E.: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
--t 
2432. 	 294! 
FETT I 
1 C. 
FIGURE B.63 	TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE, 
B) NEAR 
NEAR CABLE ENO. 
2913 	 2470 209.F. 
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FAULT LOCATION = 	19 	FEET, 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ICC = 0.1029 	OHMS. 
ZGC = 8.5559 OHMS. 
SIGMA I = 	0.9900 
SIGMA 2 = EL1500 
MI: 	TOUCH POTENTIAL. 






FIGURE B.64 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NERR FAULT. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS 0 
EQUIVALENT EARTH MODEL: 
ZCC 	01944 OHMS. 
ZO-C = 15.4429 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0.0200 
TH TOUCH POTENTIAL. 
11) 7 	MAXIMUM STEP POTENTIAL. 
F14 Sc 
4, 
2092 	 2995 
FEET 
C. , 
FIGURE B.65 TOUCH AND STEP POTENTIALS! 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
C) NEAR CABLE END. 
	 ■F 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL; 
ZCC = 0.1472 	OHMS. 
ZGC = 5.7526 OHMS. 
SIGMA I = 	0,1000 
SIGMA 2 7. 0.1000 
E: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL 
C ) 
FIGURE B.66 TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE, 
B) NEAR FAULT. 

























FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ICC = 0.3482 OHMS, 
ZGC = 13.7958 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
MI: 	TOUCH POTENTIAL. 
MAXIMUM STEP POTENTIAL. 
2992 	 2993 	 3024 
(FEET 1
ICI 
FIGURE B.67 TOUCH AND STEP POTENTIALS: 
R1 NEAR SOURCE ENO OF CABLE. 
81 NEAR FAULT. 
Cl NEAR CABLE END. 

































FAULT LOCATION 7 	19 	FEET. 
NUMBER OF GROUND ROOS = 0 -r 90 
EQUIVALENT EARTH MODEL: 
ZOO 	0.4651 	OHMS, 
zac 33.6437 OHMS. 
SIGMA 1 	0.0200 
SIGMA 2 7 0.0050 
M: 	TOUCH POTENTIAL. 
2592 	 2959 	 3014 
FtET 
IC 
FIGURE B.68 TOUCH AND STEP POTENTIALS 
NERR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NERR CABLE END. 
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FAULT LOCATION 7 	19 	FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC 7 D.5314 OHMS 
Z0C = 21.8408 OHMS, 
SIGMA 1 = 	0.0100 
SIGMA 2 7 0.0)00 
MI: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
2932 	 2930 	 3354 
! FEET I 
(CI 
FIGURE B.69 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CABLE. 
8) NEAR FAULT. 
(") NEAR CABLE END. 
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FAULT LOCATION 7- 	19 	FEET. 
NUMBER OF GROUND RODS = C 
EQUIVALENT EARTH MODEL: 
LCC 	1.0205 	OHMS 
70-C7 133.2521OHNS. 
SIGMA 1 	0-0100 
SICMPi 2 :-: 	0,0011 
Ej : 	TOUCH POTENTIAL. 
MAXIMUM STEP POTENTIAL. 
F ?CURE B.70 TOUGH AND STEP POTENTIALS! 
Al NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT, 
Cl NEAR CABLE END- 
190 







FAULT LOCATION = 	1499 FEET. 
NUMBER CF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ICC = 0.0799 	OHMS. 
ZGC = 5.9860 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 	0.1500 
W : 	TOUCH POTENTIAL. 
O : MAXIMUM STEP POTENTIAL. a 	a 	tl -a 	a 	a !  
s'ri — _51 	 _43 
 
a 	 -a, 	 • 	• 
 
2992 2995 3004 
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FIGURE B.71 	TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
C) NEAR CABLE END. 
, 
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FAULT LOCRTION = 	1499 FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0-1497 OHMS, 
= 11.6022 OHMS- 
STOMA 1 = 0J000 
SIGNA 2 = 0.0200 
7_,1 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
47 
cs- 	 -f I- 	- 
-e- -e-- ~~ -e- 
29A2 	 2 	 3 ■3:14 
( 
C. 
FID'URE 8.72 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE ENO OF CABLE. 
81 NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1159 	OHMS. 
Z0C = 4.2019 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0.1000 
E 7 	TOUCH POTENTIAL. 











   







FIGURE B.73 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION 7 	1499 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL.: 
LCC = 0.3073 OHMS, 
7GC = 12.5374 OHMS. 
SIGMA 1 = 	0.0200 
SIGMA 2 = 0.0200 
E: 	TOUCH POTENTIAL. 
0; MAXIMUM STEP POTENTIAL. 
FIGURE B.74 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC 7 0.4690 OHMS. 
ZGC = 34.2799 OHMS. 
SIGMR 1 = 0.0200 
SIGMA 2 = 0.0050 
MI: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.75 TOUCH AND STEP POTENTIALS: 
NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	1499 FEET . 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0,5601 	OHMS. 
ZGC = 23.2031 OHMS. 
SIGMA 1 = 0.0100 
510.MA 2 = 	0.0100 
t-n; 	TOUCH POTENTIAL. 
T: MAXIMUM STEP POTENTIAL. 
FIGURE B.76 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
7CC = 1.3901 	OHMS. 
70-C = 168.95340HMS. 
SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0011 
MI: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE R,77 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL.: 
ZOO = 01267 OHMS, 
7Gc = 10-171 
SIGMA 1 = 	0.9900 
SIGMA 2 = 0,1500 
M: 	TOUCH POTENTIAL. 




FIGURE B.78 	TOUCH AND STEP POTENTIALS! 
R) NEAR SOURCE END OF CABLE. 
Bl NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
FCC = 0.2751 	OHMS. 
FGC = 21.7024 OHMS, 
SIGMA 1 = 	0.1000 
SIGMA 2 7- 0.0200 
10: 	TOUCH POTENTIAL. 




FIGURE B.79 	TOUCH AND STEP POTENTIALS : 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL' 
ICC = 0.2054 OHMS. 
ZGC = 7.7462 OHMS. 
SIGMA I = 	0.1000 
SIGMA 2 = 0.1000 
• TOUCH POTENTIAL. 
O h 	MAXIMUM STEP POTENTIAL. 
-T. 
2932 	 2933 	 3074 
!FEET 
ICI 
FIGURE B.80 	TOUCH RND STEP POTENTIALS 
A) NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 















FAULT LOCATION = 2979 FEET. 
NUMBER OF AROUND POPS 7: C 
EQUIVALENT EARTH MODE': 
ZLC = 0.5940 OHMS. 
ZO: = 22.3715 OHMS. 
SIGMA 1 	0.0200 
SIGMA 2 = 0.0200 
E: 	TOUCH POTEMIIAL. 
0: MAXIMUM SEEP PTTETTF). 
TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE [ND CF CAULL, 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZOO 7 0.8203 OHMS. 
LGC = 58.5833 OHMS. 
SIGMA I = 0.0200 
SIGMA 2 = 0.0050 
M: TOUCH POTENTIAL. 
CD: MAXIMUM STEP POTENTIAL. 
FIGURE B.82 TOUCH AND STEf POTENTIALS: 
A) NEAR SOURCE END OE CABLE. 
NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.9718 OHMS. 
ZGC = 39-3046 OHMS. 
SIGMA 1 , 0.0100 
SIGMA 2 = 0.0100 
El: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.83 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 2.5556 OHMS, 
ZGC = 300.86770HMS. 
SIGMA 1 .= 	0.0100 
SIGMA 2 = 0.0011 
TH TOUCH POTENTIAL. 
07 MAXIMUM STEP POTENTIAL. 
2992 	 23S8 	 31334 
FEE'' 
FIGURE B.84 	TOUCH ANO STEP POTENTIALS: 
Al NEAR SOURCE END OF CRBLE. 
8) NEAR FAULT. 
C) NEAR CRBI E END. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = Q.0701 OHMS. 
ZGC = 4.7952 OHMS. 
SIGMA 1 27 	0.9900 
SIGMA 2 = 0.1500 
MI: 	TOUCH POTENTIRL. 
0 MAXIMUM STEP POTENTIAL. 
. 	
8 	 8 	0 
2373 	 2905 
FEET ) 
I C. I 
FIGURE 8.85 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE' 
8) NERR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1487 	OHMS. 
ZGC = 10,5722 OHMS. 
SIGMA I = 0.1000 
SIGMA 2 = 0.0200 
FrITPNTIAL. 
MAXIMUM STEP POTENTIAL. 
FIGURE 8.86 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 










FAULT LOCATION :-. 	)9 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
! 
	
/CC = 0,1245 	OHMS. 
2 1 /GC 7 4.5757 OHMS. 
-1- 33 
	 SIGMA 1 = 	0.1000 
% I SIGMA 2 = 0.1000 
M: TOUCH POTENTIAL. 
0: 	MAXIMUM STEP POTENTIAL. 
Q'- 1r-1 I 
.2973 	 2955 	 Z39' 
1FEET I 
(C.I 
FIGURE B.87 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CABLE- 
B) NEAR FAULT. 
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93 
'.I 	 FAULT LOCATION = 	19 	FEET: 
+50 so NUMBER OF GROUND ROOS 7 9 
 EQUIVALENT ERRTH MODEL.:  
ACC = 0.2897 OHMS. 
V 	 /GC 7 11.6046 OHMS. 
-1- 30 	 SIGMA I 1.: 	0.0200 
SIGMA 2 7 0.0200 i..1 
2970 	 2955 
iFEETI 
IC , 
FIGURE B.88 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 





[9: 	TOUCH POTENTIAL. 
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FAULT LOCATION = 	39 	FEET, 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0,3757 OHMS, 
ZCC = 29.0048 OHMS, 
STOMA I = 0.0200 
SIG-MR 2 = 	0,0050 
fl: 	TOUCH FOTENTIRL. 
0: MRXINUM STEW POTENTIAL. 
-t 	 • 




FIGURE B.89 TOUCH RNO STEP FOTENTIRLS: 
R) NERR SOURCE END OF CRBLE, 
B) NEAR FAULT. 
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157 
FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
	
ZCC = 0.4448 	OHMS. 
zac , 16.8522 OHMS, 
510MA 1 = 	0.0100 
STOMA 2 = 00100 
77 	TOUCH POTENTIAL. 
12) MAXIMUM STEP POTENTIAL. 
25'3 	 2399 
IrEt - 1 
FIGURE B.90 	TOUCH AND STEF POTENTIALS? 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	19 
NUMBER OF GROUND RODS 7 
EQUIVALENT EARTH MODEL; 
ZCC = 0.6587 OHMS. 
ZGC = 83.9613 OHMS, 
570MA I = 	0.0100 
sTamfi 2 = 0.0011 
a;: 	TOUCH POTENTIAL. 
MAXIMUM STEP POTENTIAL' 
, , 
,:r- -er- -0- -a----o- -e-- -- ft 	-e----ii- 	--n--7 
2979 	 2985 	 299 ' 
I !CU} 
.o  
FI0URE B.91 	TOUCH AND STEP FOTENTIRLS 
PI) NEAR SOURCE END OF CRBLE. 
8) NEAR FAULT. 
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FAULT LOCATION = 1499 FEET. 
NUMBER OF GROUND RODS = 9 
LOUIVALENT EARTH MODEL: 
ZCC = 0,0584 OHNS 
ZOZ = 4.0735 OHMS. 
510-MA 1 = 	0.9900 
SIGMA 2 = 0,)500 
?: 	TOUCH POTENTIAL. 
I: MAXIMUM STEP POTENTIAL. 
FIGURE B.92 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE, 
B1 NEAR FAULT. 
Cl NEAR CABLE END. 
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FAULT LOCATION = 	1499 FEET. 
	
73 
	 NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
2i 
	 ZCC = 0.1478 	OHMS. 
el 
	
ZGC 7 10.5036 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0.0200 
Dl: 	TOUCH POTENTIAL. 
•a  rl e c 
	 0: MAXIMUM STEP POTENTIAL. 
2375 	 2999 
FEET I 
I CI 
FIGURE B.93 	TOUCH AND STEP POTENTIALS: 
RI NEAR SOURCE END OF CABLE. 
81 NEAR FAULT. 
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FAULT LOCATION = 	1499 	FEET, 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL 
ZCC = D.)227 OHMS. 
7GC = 4,3936 OHMS. 
SIGMA 1 = 0.]000 
2 7 0.1000 
TOUCH POTENTIAL. 
CO; 	MAXIMUM STEP POTENTIAL. 
FICURE B.94 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
I- 
-5 















FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.3200 OHMS. 
ZGC = 12-8083 OHMS. 
SIGMA I = 0.0200 
SIGMA 2 = 0.0200 
M: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
297.9 2955; 
I FEET I 
ICI 
FIGURE B.95 TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE, 
8) NEAR FAULT. 
NEAR CABLE END. 
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FAULT LOCATION = 	1499 FEET, 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
/CC = 0.4846 OHMS, 
FGT. = 35.8014 OHMS. 
SIGMA I = 0.0200 
SIGMA 2 = 0.0050 
;73: 	TOUCH POTENTIAL. 
07 	MAXIMUM STEP POTENTIAL. 
190 
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FIGURE B.96 TOUCH AND STEP POTENTIALS' 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
CI NEAR CABLE ENO. 
T lay T 
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FAULT LOCATION 17 	1499 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5736 OHMS, 
ZGC 7_ 23.3586 OHMS. 
SIGMA 1 7_ 	0.0100 
STOMA 2 = 0.0100 
E : 	TOUCH POTENTIAL. 
O : MAXIMUM STEP POTENTIAL. 
25'73 209 .: 
I FEE") 
C. I 
FIGURE B.97 TOUCH AND STEP POTENTIALS : 
A) NEAR SOURCE LNG OF CABLE. 
H) NEAR FAULT. 













FAULT LOCATION 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.2980 OHMS. 
7GC 7 135.79490HMS. 
SIGMA 1 := 	0.0100 
SIGMA 2 = 0.0011 
0: TOUCH POTENTIAL. 








FIGURE B.98 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END Of [PULE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
n__ _„___e— 	— 
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I r CE T 
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r FEET 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
Z0C = 0.0614 OHMS. 
ZGE = 4.4441 	OHMS. 
SIGMA 1 .= 	0.9900 
SIGMA 2 = 0.1500 
: 	TOUCH POTENTIAL. 
130: MAXIMUM STEP POTENTIAL. 
FIGURE B.99 	TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.2030 OHMS.  
ZOC = 14.501_5 OHMS. 
SIGMA 1 7 	0.1000 
STCMA 2 = 0.0200 
0J: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 




FIGURE B.100 TOUCH RND STEP POTENTIALS: 
R] NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
LCC = 0.1596 	OHMS. 
ZGC = 5.8645 OHMS , 
STOMA I = 	0.1000 
SIGMA 2 = 0.1000 
TH TOUCH POTENTIAL. 
0= 	MAXIMUM STEP POTENTIAL. 
2973 
  
FIGURE B.101 TOUCH AND STEP POTENTIALS : 
A) NEAR SOURCE END OF CABLE. 
Fi) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZLC L- 0,4657 	OHMS, 
ZOO .= 15.4818 OHMS. 
STOMA 1 = 	0.0200 
SIGMA 2 = 0,0200 
• TOUCH POTENTIAL. 
(2) 	MAXIMUM STEP POTENTIAL. 
FICURE 8.102 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE, 
B) NEAR FAULT. 
C) NEAR CABLE ENO. 
2371 
181 
	 18 ' 
110 
FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
73 
EQUIVALENT EARTH MODEL.: 
LEE = 0.7436 	OHMS. 
ZGC = 53.4220 OHMS, 
37 
	 SIGMA I = 	0.0200 
SIGMA 2 = 0.0050 
11: 	TOUCH POTENTIAL. 
0 MAXIMUM STEP POTENTIAL. 
297'3 	 zasu 
FEET 1 
1 C1 
FIGURE B.103 TOUCH AND STEP POTENTIRLS: 
R) NEAR SOURCE ENO OF CABLE, 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.8730 OHMS. 
70-C = 34.7395 OHMS. 
SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0100 
2179 
M: 	TOUCH POTENTIAL. 
--e-- 	 MAXIMUM STEP POTENTIAL. 
I FEVIS 	
233 ' 
I C I 
FIGURE B.104 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
81 NEAR FAULT. 
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7 22 
FAULT LOCATION 	2979 	FEET. 
NUMBER OF GROUND RODS , 9 
EQUIVALENT EARTH MODEL: 
ZCC = 2.0702 OHMS. 
ZGC = 211.05990HM5 
SIGMA 1 = 	0.0100 
SIGMA 2 _7_ 0.0011 
TOUCH POTENTIAL. 
MAXIMUM STEP POTENTIAL. 
- 
2373 	 2355 
I 1- Et T I 
(CI 
FIGURE 8.105 TOUCH AND STEP POTENTIALS! 
AI NEAR SOURCE END OF CABLE. 
BI NEAR FAULT 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.0986 OHMS. 
70C = 7.3480 OHMS. 
SIGMA l = 0.9900 
STOMA 2 = 	0:1500 
TH 'TOUCH POTENTIAL. 
0 	MAXIMUM STEP POTENTIAL. 
0 	0 	40 





FIGURE B.106 TOUCH AND STEP POTENTIALS: 
A) NEAR SOUK[ ENO OF CABLE. 
El) NERR FAULT. 
































FAULT 	LOCATION 	= 19 	FEET- 
NUMBER 	OF GROUND RODS = 0 
EQUIVALENT 	EARTH 	MODEL: 
ZCC 	= 	0.1881 OHMS, 
ZOC 	7 13.8647 	OHMS. 
SIGMA 	1 	= 0.1000 
SIGMA 	2 	= 0.0200 
111 7 	TOUCH 	POTENTIAL. 
! MAXIMUM 	STEP 	POTENTIAL. 
--15= 	_ 	 15. 
2032 	 233a 	 3034 
'EET I 
IC) 
FIGURE B.107 TOUCH AND STEP POTENTIALS! 
A) NERR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0,1470 	OHMS, 
7F=C = 5.7225 nHMS. 
SIGMA 1 = 	0.3000 
SIGMA 2 = 0.1000 
111: 	TOUCH POTENTIAL. 
0 7 MAXIMUM STEP POTENTIAL. 
FIGURE B.108 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION z 	19 	FEET. 
q75 , 
	
NUMBER OF GROUND RODS 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.3474 OHMS. 






FIGURE 8.109 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
Cl NEAR CABLE END. 
SIGMA 1 z 0.0200 
SIGMA 2 = 0.0200 
E : 	TOUCH POTENTIAL. 
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FAULT LOCATION 7 	19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZOO = 0.4394 	OHMS. 
ZGC — 3C.2396 OHMS. 
SIGMA 1 7 0.0200 
SIGMA 2 = 0.0050 
: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
IC. )   
FICUPE B.110 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
LCC = 0.5296 OHMS. 
ZGC = 21.7069 OHMS. 
SIC-MA 1 = 	0.0100 
SIGMA 2 = 0.0100 
TH TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
 
—0- 
2392 	 2935 	 903. 
I FTC!! I 
C1 
 
FIGURE B.111 	TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 






FAULT LOCATION 	19 	FEET. 
NUMBER OF GROUND RODS 7 0 
EQUIVALENT EARTH MODEL: 
ZEE 7 1.2367 	OHMS. 
ZGC = 128.40070[1MS. 
SIGMA 1 7' 0.0100 
SIGMA 2 7 	0.0011 
C: TOUCH POTENTIAL. 








FIGURE B.112 TOUCH AND STEP POTENTIALS: 
R1 NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
Cl NEAR CABLE END. 
	
A T 130 
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!FEET] 
C 1 
FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = Q 
EQUIVALENT EARTH MODEL: 
LCD = 0.0776 OHMS. 
LGC 7 5.4727 OHMS. 
SIGMA 1 = 	0.9900 
SIGMA 2 = 0.1500 
TH TOUCH POTENTIAL. 
(!) 	MAXIMUM STEP POTENTIAL. 
FIGURE B.113 TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1433 OHMS. 
ZGC = 10.4191 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0,0200 
2]7 	TOUCH FOTENTIAL. 
(2) MAXIMUM STEP POTENTIAL. 
 
.29S2 	 2998 	 3004 
; FEET I 
( CI 
FICURF B.114 TOUCH AND STEP FOTENTIRLS: 
R) NEAR SOURCE ENO OF CABLE, 
B) NERR FAULT. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZOO = 0.1158 	OHMS. 
ZGC = 4.1845 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0.1000 
M: 	TOUCH POTENTIAL. 








FIGURE 8.115 TOUCH FIND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 




















, ›.; 	 FAULT LOCATION = 	1499 	FEET. -, -5. 	
57 NUMBER OF GROUND RODS = 0 '  
11! EQUIVALENT EARTH MODEL: 
ci 	 HO = 0.3065 OHMS. 
u ZGC = 12.4679 OHMS. .t, 
Z4 33 	 SIGMA I = 	0,0200 
. 	el —a— —0----N----- F;1' 	 SIGMA 2 = 0.0200 
-', E : 	TOUCH POTENTIAL. 
1T, MAXIMUM STEP POTENTIAL. 
2932 	 2936 	 1054 
!FEET) 
I C1 
FIGURE B.116 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC :=1 0.4447 	OHMS. 
7GC = 30.9313 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0050 
El: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
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FIGURE B.117 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
LCD = 0.5585 OHMS. 
ZGC = 23.0690 OHMS. 
SIGMA 1 = 	0=0100 
SIGMA 2 = 00100 
Er]: 	TOUCH POTENTIAL. 
0 7 MAXIMUM STEP POTENTIAL. 
FIGURE B.118 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE, 
8) NEAR FAULT. 
C) NEAR CABLE END. 
110 
-5 	 a 










FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 1.2346 OHMS. 
ZGC = 137.13450HMS. 
SIGMA I = 	0.0100 
SIGMA 2 = 0.0011 
01 : 	TOUCH POTENTIAL. 
(f) MAXIMUM STEP POTENTIAL. 
FIGURE B.119 TOUCH RNO STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1121 	OHMS. 
ZGC = B.2755 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 7 0.1500 
M: 	TOUCH POTENTIAL. 
O. MAXIMUM STEP POTENTIAL. 







C )  
FIGURE B.120 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
81 NEAR FAULT. 
C) NEAR CABLE ENO. 
FEET I 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MODEL.: 
ZCC = 0.2657 OHMS. 
7ac = 19.4235 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0,0200 
E 7 	TOUCH POTENTIAL. 
O MAXIMUM STEP POTENTIAL. 




FIGURE B.121 TOUCH AND STEP POTENTIALS! 
A) NEAR SOURCE ENO OF CABLE. 
8) NEAR FAULT. 
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54 37  
FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND ROOS 7 0 
EQUIVALENT EARTH MODEL: 
ZCC 7 0.2050 OHMS. 
?GC 7 7.J017 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0.1000 
M: TOUCH POTENTIAL. 
0 7 MAXIMUM STEP POTENTIAL. 
2392 	 2930 	 3034 
!FEET) 
IC I 
FIGURE 8.122 TOUCH AND STEP POTENTIALS: 
A) NERR SOURCE END OF CABLE. 
8) NEAR FAULT. 





























FAULT LOCATION 7 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5342 OHMS. 
ZGC = 21.4494 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
ED: 	TOUCH POTENTIAL. 
0 7 MAXIMUM STEP POTENTIAL. 
TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.7904 OHMS. 
ZGC = 33.2050 OHMS. 
SIGMR 1 = 0.0200 
SIGMA 2 = 0.0050 
EH TOUCH POTENTIAL. 
0 	MAXIMUM STEP POTENTIAL. 
FIGURE B.124 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 2979 FEET- 
	
- 57 
	 NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.9698 OHMS- 
ZGC = 39.0901 OHMS. 
33 
	 SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0100 
1111: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
-4- 
2993 	 3004 
FEET I 
(CI 
FIGURE B.125 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE ENO OF CABLE. 
8) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 2.3254 OHMS. 
2O-C = 245.36380HMS* 
SIGMA 1 = 	0.0100 
SIGMA 2 7 0.0011 
E: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
     
       
       
_ 




FIGURE B.126 TOUCH AND STEP POTENTIRLS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 






















FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZOE. T 0.0657 	OHMS. 
ZGC = 4,1934 OHMS. 
SIGMA 1 = 	0.9900 
SIGMA 2 7 0.1500 
TOUCH POTENTIAL. 
07 	MAXIMUM STEP POTENTIAL. 
c 2385 
!FEET ) 
I C. I 
FIGURE 8.127 TOUCH AND STEP POTENTIALS; 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1431 	OHMS. 
ZGC = 9.3133 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.0200 
E: 	TOUCH POTENTIAL. 
MAXIMUM STEP POTENTIAL. 
isac 	 2995 	 7.992 
I FEET I 
(CI 
FIGURE B.128 TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
81 NEAR FAULT. 




FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1244 OHMS. 
ZGC = 4.5636 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0.1000 
M: TOUCH POTENTIAL. 
0= MAXIMUM STEP POTENTIAL. 
FIGURE BA29 TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
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2395 	 2392 
I re5T 
FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.2891 	OHMS. 
ZGC = 11.5559 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
M: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. ■ 	13 	61 	0 	0 
7 	0 	e 	 41 	 oft 
2990 
IC I 
FIGURE B.130 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 


























FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.3292 OHMS. 
10-C = 21.7022 OHMS. 
SIGMA I = 0.0200 
SIGMA 2 = 0.0050 
E: 	TOUCH POTENTIAL. 








2380 	 2955 	 2992 
!FEET 1 
ICI 
FIGURE B.131 TOUCH AND STEP POTENTIALS 
A) NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
C) NEAR CABLE ENO. 
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I 	 5 
FAULT LOCATION = 	19 	FEET. 
iu 	 NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4432 OHMS. 
ZGO = 18.7547 OHMS, L-J 
SIGMA 1 = 0.0100 
SIGMA 2 = 0,0100 
rs----e--- 
2260 	 2965 	 2292 
!FEE, 
( C. I 
M: TOUCH POTENTIAL. 
CD: 	MAXIMUM STEP POTENTIAL. 
FIGURE B.132 TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	)9 FEET. 
NUMBER OF GROUND RODS = 9 2:+ 50 
EQUIVALENT EARTH MODEL: 
2 	 ZCC = 0.5170 	OHMS. 
ZGC = 58.7936 OHMS. 
3G 	 SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0011 
311: 	TOUCH POTENTIAL. 
;5 
	
8 	MAXIMUM STEP POTENTIAL. 
295C 	 985 	 7992 
; FEET I 
FIGURE B.133 TOUCH RNO STEP POTENTIALS , 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS 7 9 
EQUIVALENT ERRTH MODEL: 
ZCC 	G-0572 OHMS, 
ZOO 7 3.7314 OHMS, 
sIGKR I 7 0,9900 
SIC-MA 2 	0.150G 
E : 	TOUCH POTENTIAL. 
O : MAXIMUM STEP POTENTIAL. 
• 73 
▪ 37 








FIGURE B.134 TOUCH AND STEP POTENTIALS; 
Al NEAR SOURCE END OF CABLE. 
B) NEAP FAULT. 







 FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.1449 OHMS. 
ZGC = 9.4450 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0.0200 
11: 	TOUCH POTENTIAL. 
D MAXIMUM STEP POTENTIAL. 
IC.1 
FIGURE B.135 TOUCH FIND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
Ell NEAR FAULT. 
Cl NEAR CABLE ENn. 
- IOC 
FAULT LOCATION = 	1499 FEET. 
	
FT- 57 
	 NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL; 
ZCC = 0.1227 OHMS. 
?GC = 4.3844 OHMS. 
33 
	 SIGMR 1 = 	0.1000 
SIGMA 2 7 	0.1000 
El; 	TOUCH POTENTIAL. 








FIGURE B.136 TOUCH AND STEP POTENTIALS; 
1:1) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
z 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZC0 = 0.3195 OHMS. 
ZGC = 12.7601 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
al: 	TOUCH POTENTIAL. 





FIGURE 8.137 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 



















FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4332 OHMS. 
ZDC = 27.3801 OHMS, 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0050 
• TOUCH POTENTIAL. 
C!) 	MAXIMUM STEP POTENTIAL. 
C., 	la 	0 	0 	 —e----ti---0— --0 
295
- 
C 	 3355 	 2532 
',5EtT1 
IC 
FIGURE B.138 TOUCH AND STEP POTENTIALS; 
A) NEAR SOURCE END OF CRBLE. 
B) NEAR FAULT. 
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r,FEE71 
CI  
FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5723 OHMS. 
ZGC = 23.2611 OHMS. 
SIGMA I = 	0.0100 
SIGMA 2 = 0.0100 
E : 	TOUCH POTENTIAL. 
O f MAXIMUM STEP POTENTIAL. 
7932 
FIGURE B.139 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B1 NEAR FAULT. 
C) NEAR CABLE END. 
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7352 
FAULT LOCATION 7 	)499 FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL : 
ZCC = I.I256 	OHMS. 
ZGC = 106.08200HNS. 
SIGMA 1 = 0.0100 
SIC-MA 2 = 	0.0011 
CO: 	TOUCH POTENTIAL. 
(T_) MAXIMUM STEP POTENTIAL. 
FIGURE B.140 TOUCH AND STEP POTENTIALS! 
Al NEAR SOURCE END OF CABLE. 
Dl NEAR FAULT. 
CI NEAR CABLE ENO. 
37 
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FAULT LOCATION 	2979 FEET. 
NUMBER OF GROUND RODS -7. 9 
EQUIVALENT EARTH MODEL: 
ZCC = 00541 OHMS, 
ZGC , 3.6402 OHMS. 
SIGMA 1 	0.9900 
SIGMA 2 z 0.1500 
TH TOUCH POTENTIAL. 
CD17 	MAXIMUM STEP POTENTIAL. 
FIGURE B.141 TOUCH AND STEP POTENTIALS; 
A) NEAR SOURCE END OF CABLE, 
6) NEAR FAULT. 
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FAULT LOCATION = 2979 FEET-
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0-1960 OHMS. 
ZGC = 12.7608 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0.0200 
19: 	TOUCH POTENTIAL. 




FIGURE B.142 TOUCH AND STEP POTENTIALS: 
A] NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
CI NEAR CABLE END. 
2973 29135 
'FEET) 




FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0•1595 	OHMS. 
ZGC = 5.8489 OHMS. 
SIGMA 1 = 	0.1000 
SIGMA 2 = 0:1000 
M: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
33 
2792 
FIGURE 8.143 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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5 
FEET 1 
FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZE:C = 0.4850 	OHMS. 
ZGC = 18.4153 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
EH TOUCH POTENTIAL. 
0- 	MAXIMUM STEP POTENTIAL. 
FIGURE B.144 TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
7CC = 0.6655 OHMS. 
ZOO = 40.8629 OHMS.  
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0050 
M: 	TOUCH POTENTIAL- 
(I) MAXIMUM STEP POTENTIAL. 
'7 1L 
	 - -o- 





FIGURE B.145 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
57 
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5C 	 2355 	 2332 
C.  
FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 0.8715 	OHMS. 
7GC = 34.6095 OHMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
D : 	TOUCH POTENTIAL. 
O : MAXIMUM STEP POTENTIAL. 
FIGURE B.146 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
8) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND ROOS = 9 
EQUIVALENT EARTH MODEL: 
ZCC = 1.9281 	OHMS. 
ZGC = 173.12980HMS. 
SIGMA 1 = 0.0100 
SIGMA 2 = 	0.0011 
E: 	TOUCH POTENTIAL. 
01 MAXIMUM STEP POTENTIAL. 
FIGURE B.147 TOUCH AND STEP POTENTIALS! 
RI NEAR SOURCE ENO OF CABLE. 
B) NERR FAULT. 
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! FEET 1 
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181 
FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL; 
= 5.0843 OHMS. 
ZGC = 5.4878 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
1: TOUCH POTENTIAL. 
CD; 	MAXIMUM STEP POTENTIAL. 
FIGURE B.148 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE, 
B) NERR FAULT' 
C) NEAR CABLE ENO. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZOO 7 0.1780 	OHMS, 
ZGC = 11.7172 OHMS. 
SIGMA 1 , 	0.1000 
SIGMA 2 7 0.0200 
m: 	TOUCH POTENTIAL. 
3: MAXIMUM STEP POTENTIAL. 
FIGURE B.149 TOUCH AND STEP POTENTIALS! 
R) NEAR SOURCE ENO OF CABLE, 
8) NEAR FAULT. 
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FAULT 	LOCATION 	= )9 FEET. 
79 NUMBER OF GROUND RODS 	= 0 
EQUIVALENT 	EARTH 	MODEL: 
ZCC 	= 	0.1469 OHMS. 
ZGC 	= 	5.6966 	OHMS. 
Qt 37 SIGMA 	I 	= 0.1000 
SIGMA 	2 	= 0.1000 
M: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
FIGURE B.150 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
























FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL . : 
ZCC = 0.3468 OHMS. 
ZGC = 13.6586 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
J: 	TOUCH POTENTIAL. 





FIGURE 8.151 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL; 
LCD 7 0.4072 OHMS. 
ZGC = 20.8735 OHMS. 
SIC-MR I= 0.0200 
SIC-NA 2 = 	0.0050 
II: 	TOUCH POTENTIAL. 
(!) MAXIMUM STEP POTENTIAL. 
tt 33 oe: 
-— 	—e-- 
29).12 	 29113 	 511 04, 
C ) 
FIGURE B.152 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END, 
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cm 	 s 	 FAULT LOCATION = 	19 	FEET. 
!* 57 	
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5281 OHMS. 




SIGMA 1 = 0.0100 
SIGMA 2 = 0.0100 
El : 	TOUGH POTENTIAL. 
OD MAXIMUM STEP POTENTIAL. 
Y--° 	49 45 6 6 
• 	
6 6 0 
2932 	 2335 
( FEET 1 
( C I 
  
   
   
FIGURE B.153 TOUCH RN° STEP POTENTIALS: 
A1 NEAR SOURCE ENO OF CABLE. 
B1 NERH FAULT. 



























FAULT LOCATION = 	19 	FEET. 
NUMBER OF GROUND ROOS = 0 
EQUIVALENT EARTH MOOE1: 
ZCC = 0.6385 OHMS, 
70-C = 68.4328 OHMS. 
SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0011 
cf7 	TOUCH POTENTIAL. 
C!) MAXIMUM STEP POTENTIAL. 
2552 	 2335 	 1 ■334 
I FEET I 
u. I 
FIGURE B.154 TOUCH AND STEP POTENTIALS 
Al NERR SOURCE ENO OF CABLE. 
6) NEAR FAULT. 



















1495 	 1499 t sar  
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ID) 
FAULT LOCATION = 	1499 FEET- 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.0705 OHMS. 
ZGC = 4.5913 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
TOUCH POTENTIAL. 
CD: 	MAXIMUM STEP POTENTIAL. 
( C. I 
FIGURE 8.155 TOUCH AND STEP POTENTIALS; 
Al NEAR SOURCE END OF CABLE-
S) NEAR FAULT. 
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IF 
1433 	 1433 	 ;SUS 
FEE 1- 1 
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1 
ci, 	 g I-. FAULT LOCATION = 	)499 	FEET,, 
97 	
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL.: 
	
2 ZCC = 0,1384 	OHMS, 
7 r- r- = 9-0061 OHMS. 
SIGMA 1 = 	O1000 33 
SIGMA 2 = 0.0200 
, 	 117 TOUCH POTENTIAL. 
C!) 	MAXIMUM STEP POTENTIAL. 
- -& -0- -0- 	-0- 	 -0-- 
21;82 	 Z333 	 3314 
!FEET I 
CA 
FIGURE B.156 TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
1 I CI 
`5 
F: 79 
a - 37 
FAULT LOCATION = 	1499 FEET- 
NUMBER OF GROUND RODS 7 0 
EQUIVALENT EARTH MODEL: 
ICC = 0.1156 OHMS. 
ZGC = 4.1695 OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 = 0.1000 
MH TOUCH POTENTIAL. 








FIGURE 8.157 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION 7 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ICC = 0.3058 OHMS. 
ZGC = 12.4075 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0200 
El: 	TOUCH POTENTIAL. 





FIGURE B.158 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.4176 OHMS. 
ZGC = 26.8068 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0050 
J3: 	TOUCH POTENTIAL.. 
0: MAXIMUM STEP POTENTIAL. 
W 	 oo 
1 0 
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FIGURE B.159 TOUCH AND STEP POTENTIALS: 
R) NEAR SOURCE END OF CABLE. 
Ell NEAR FAULT. 
Cl NEAR CABLE END. 
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- i + 	 —a 	 a 	a --6 
FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5571 	OHMS= 
ZGC = 22.9524 OHMS. 
SIGMA 1 = 0,0100 
SIGMA 2 = 0.0I00 
M: 	TOUCH POTENTIAL. 
MAXIMUM STEP POTENTIAL. 
e ; 
15:4 
iasz 	 2935 	 3034 
571:7 I 
I C. I 
FIGURE B.160 TOUCH AND STEP POTENTIALS: 
AI NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
Cl NEAR CABLE END. 
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FAULT LOCATION = 	1499 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZOO = 1.1038 	OHMS. 
ZGC = 105.25200HMS. 
SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0011 
MI: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 








FIGURE B.161 TOUCH AND STEP POTENTIRLS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
C1 NEAR CABLE END. 
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FAULT LOCATION = 2979 FEET, 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL.: 
ZCC = 0.0787 OHMS. 
ZGC = 5.2610 OHMS. 
SIGMA 1 = 0.9900 
SIGMA 2 = 0.1500 
E; 	TOUCH POTENTIAL. 





FIGURE B.162 TOUCH AND STEP POTENTIALS: 
RI NEAR SOURCE END OF CABLE. 
81 NEAR FAULT. 
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I 8 ; 
FAULT 	LOCATION 	= 2979 	FEET. 
Tr-4. 	73 NUMBER 	OF 	GROUND 	RODS 	= 	C 
EQUIVALENT 	EARTH 	MODEL; 
mi 
ZEC 	= 	0.2482 OHNS 
ZGC 	.-.: 16.2374 	OHMS. 
1,1 
Y.;1' 	37 
SIONA 	1 	= 0.1000 
SIGMA 	2 	= 0.0200 
711: 	TOUCH 	POTENTIAL. 
^09— 07 MAXIMUM 	5TEF 	POTENTIAL. 
2992 	 2998 
	
3004 
I FEET 1 
I C I 
FIGURE B.163 TOUCH AND STEP POTENTIALS! 
R) NEAR SOURCE END OF CABLE. 
5) NEAR FAULT. 
C) NEAR CABLE END. 
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FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.2047 OHMS- 
70-C = 7.6642 	OHMS. 
SIGMA 1 = 0.1000 
SIGMA 2 7 	0,1000 
M: 	TOUCH POTENTIAL. 
0: MAXIMUM STEP POTENTIAL. 
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FIGURE B.164 TOUCH AND STEP POTENTIALS: 
Al NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 











FAULT LOCATION = 2979 FEET. 
	
73 	 NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.5335 OHMS. 
ZGC = 21.3531 OHMS. 
-1 37 	 SIGMA I = 	0.0200 
SIGMA 2 = 0.0200 
111: 	TOUCH POTENTIAL. 







I C. I 
FIGURE B.165 TOUCH AND STEP POTENTIALS: 
RI NEAR SOURCE ENO OF CABLE. 
B) NEAR FAULT. 
C) NEAR CABLE ENO, 
-5 	 0 
(FEET 
IP; 







FAULT LOCATION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.7536 OHMS. 
ZGC = 46.4025 OHMS. 
SIGMA 1 = 0.0200 
SIGMA 2 = 0.0050 
M: 	TOUCH POTENTIAL. 
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FIGURE B.166 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 
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rs..) 	 t. 	 FAULT LOCATION = 	2979 	FEET. 
	
E4- 57 	
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZCC = 0.9682 OHMS. 
7GC = 38.9076 OHMS. 
33 	 SIGMA 1 = 	0.0100 
SIGMA 2 = 0.0100 
T. 
M: 	TOUCH POTENTIAL. 
CO= MAXIMUM STEP POTENTIAL. 





FIGURE B.167 TOUCH RND STEP POTENTIALS: 
RI NEAR SOURCE END OF CABLE. 
B) NEAR FAULT. 












FAULT LOCRTION = 2979 FEET. 
NUMBER OF GROUND RODS = 0 
EQUIVALENT EARTH MODEL: 
ZOO = 2.1107 	OHMS. 
ZGC = 190.34330HM5. 
SIGMA 1 = 	0.0100 
S70MA 2 = 0.0011 
TOUCH POTENTIAL. 






FIGURE B.168 TOUCH AND STEP POTENTIALS: 
A) NEAR SOURCE ENO OF CRBLE. 
EH NEAR FAULT. 
C) NEAR CABLE END. 
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